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SECTION I. INTRODUCTION 
Research on processes leading to gaseous loss of nitrogen 
from soils has been stimulated by the accumulation of evidence 
that a substantial amount of the nitrogen added to soils as 
fertilizer is volatilized during the growing season. Until a 
few years ago, it was generally assumed that'gaseous loss of 
fertilizer nitrogen occurred largely, if not entirely, through 
denitrification of nitrate by soil microorganisms or by vola­
tilization of ammonium. However, recent work has shown that 
gaseous loss of nitrogen from soils is frequently associated 
with accumulation of nitrite and has provided presumptive 
evidence that volatile loss of fertilizer nitrogen through 
chemical decomposition of nitrite formed by nitrification of 
ammonium or ammonium-yielding fertilizers may be as important 
as loss through denitrification of nitrate or volatilization of 
ammonium. The processes responsible for gaseous loss of nitro­
gen from soils by chemical decomposition of nitrite resemble 
denitrification in that they lead to formation of N2 and N2O, 
and they are now usually designated by the term chemodenitri-
fication. 
Nitrite decomposes under acidic conditions with formation 
of NO, but this does not account for the formation of N2 and 
N2O in chemodenitrification, and it is currently assumed that 
any NO formed by chemical decomposition of nitrite in soils is 
converted to nitrite or nitrate and does not escape to the 
2 
atmosphere. The validity of this assumption seems questionable, 
because the literature contains several indications that NO is 
evolved on treatment of acidic soils with nitrite. Some 
workers have suggested that the chemodenitrification process 
leading to formation of N2 involves reaction of nitrite with 
ammonium or amino compounds (R»NH2 + HNO2 = R*OH + H2O + N2), 
but there is little evidence that this reaction occurs to any 
significant extent under soil conditions. Other workers have 
postulated that reactions between nitrite and certain heavy 
metal ions play an important role in chemodenitrification, but 
there is no evidence that such reactions occur in soils. 
Several studies have indicated that organic soil constituents 
can reduce nitrite to N2 and N2O and can fix nitrite N, but the 
mechanisms of these reactions have not been elucidated. 
The objectives of this investigation were: (1) to study 
the factors affecting nitrite decomposition and fixation of 
nitrite nitrogen in soils; (2) to evaluate current theories 
concerning chemical transformations of nitrite in soils; (3) to 
elucidate the mechanisms of chemodenitrification and fixation 
of nitrite nitrogen. 
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SECTION II. LITERATURE REVIEW 
Role of Nitrite in Gaseous Loss of Nitrogen from Soils 
Studies of the processes responsible for gaseous loss of 
nitrogen from soils have been greatly stimulated by the im­
portance of fertilizer nitrogen in modern cropping practices 
and by the accumulation of evidence that a substantial amount 
of the nitrogen applied to soils as fertilizer is volatilized 
during the growing season. Until a few years ago, it was 
generally assumed that gaseous loss of fertilizer nitrogen was 
due to reduction of nitrate to N2 and N2O by soil microorgan­
isms (denitrification) or to volatilization of ammonium, and 
numerous studies of the factors affecting these processes have 
been reported* However, recent investigations have shown that 
gaseous loss of nitrogen from soils is often associated with 
accumulation of nitrite and have provided strong presumptive 
evidence that significant gaseous loss of fertilizer nitrogen 
can occur through chemical decomposition of nitrite formed by 
- nitrification of ammonium or ammonium-yielding fertilizers in 
acidic or mildly acidic soils* The evidence for this conclusion 
has been reviewed in recent articles by Allison (1965, 1966) 
and Broadbent and Clark (1965), It can be summarized as 
follows : 
le Substantial gaseous loss of nitrogen from soils has been 
observed under conditions which are not conducive to mi­
crobial denitrification of nitrate or to volatilization of 
4 
ammoniumo 
2. Experiments involving incubation of soil under aerobic con­
ditions after addition of nitrate or ammonium have shown 
that recovery of nitrate after incubation is often much 
higher than the recovery of ammonium. 
3. Significant gaseous loss of fertilizer nitrogen has been 
observed under conditions that lead to accumulation of 
nitrite (e.g., after application of high rates of ammonium 
or ammonium-forming fertilizers)„ 
4. Nitrite added to sterilized or unsterilized acidic soils is 
rapidly decomposed with formation of gaseous forms of 
nitrogen. 
The deduction from these observations that substantial 
gaseous loss of nitrogen from soils may occur through chemical 
decomposition of nitrite is based upon the fact that nitrite is 
the only intermediate which has been detected in studies of 
nitrification in soils (ioe», conversion of ammonium to nitrate 
by soil microorganisms). 
Vine (1962) has used the phrase "side-tracking of nitri­
fication" and Clark (1962) has used the term "chemodenitri-
fication" to designate the processes responsible for gaseous 
loss of nitrogen from soils through chemical decomposition of 
nitrite. The term chemodenitrification has gained considerable 
acceptance and, for lack of a better term, it will be adopted 
here. 
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Factors Affecting Nitrite Decomposition in Soils 
Although it has been amply demonstrated that nitrite is 
rapidly decomposed when added to acidic or mildly acidic soils 
(Temple, 1914 ; Robinson, 1923; Olendskii, 1931; Turtschin, 
1936; Fraps and Sterges, 1939; Smith and Clark, 1960 ; Clark 
et al., 1960; Tyler and Broadbent, 1960; Chao and Bartholomew, 
1964; Reuss and Smith, 1965), very little is known about the 
factors affecting nitrite decomposition in soils. 
Most workers have assumed that the rate and extent of 
nitrite decomposition in soils increase with decrease in soil 
pH, because solution studies have shown that decomposition of 
nitrite is promoted by acidity» Several investigations have 
shown that nitrite is not decomposed or is decomposed very 
slowly when added to alkaline soils (Robinson, 1923; Tyler and 
Broadbent, 1960; Meek and MacKenzie, 1965; Reuss and Smith, 
1965) and it has been demonstrated that the rate of decompo­
sition of nitrite in soils is greatly reduced by addition of 
CaCOj (Robinson, 1923; Fraps and Sterges, 1939; Tyler and 
Broadbent, 1960), 
Robinson (1923) and Smith and Clark (1960) obtained indi­
cations that the rate of nitrite decomposition in soil increases 
with increase in soil organic matter content, and Clark and 
Beard (1960) found that a pretreatment with hydrogen peroxide 
to remove organic matter reduced the ability of soil to decom­
pose nitrite. 
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Several studies have shown that drying of nitrite-treated 
soils promotes nitrite decomposition (Robinson, 1923; Madhok 
and Uddin, 1^946 ; Clark ejt a_l. , 1960) and that soil sterilization 
has little effect on nitrite decomposition (Tyler and Broadbent, 
1960; Reuss and Smith, 1965). 
Fixation of Nitrite Nitrogen 
Recent work using NaNl502 (Fuhr and Bremner, 1964a, 1964b; 
Bremner and Fuhr, 1966) has shown that, when nitrite N is added 
to acidic soils, some of this N is "fixed" by soil constituents; 
i.e. , is bound in such a manner that it cannot be extracted by 
2M KCl at room temperature. 
Bremner (1957) found that treatment of humic acid and 
lignin preparations with nitrite in acidic medium led to for­
mation of N2 and/or N2O and to fixation of nitrite N by these 
preparations. This suggested that addition of nitrite to soils 
may lead to fixation of nitrite N by soil organic matter. Fuhr 
and Bremner (1964a) investigated this possibility and found that 
addition of nitrite (as NaN^^Og) to soils with pH values ranging 
from 3 to 7 led to fixation of 10-28 per cent of the added 
nitrite N and to conversion of 33-7 9 per cent of the nitrite N 
to gaseous forms of nitrogen. Their work indicated that the 
amount of nitrite N fixed by soils increased with increase in 
nitrite level and in soil carbon content, and decreased with 
increase in soil pH. Further work (Fixhr and Bremner, 1964b) 
showed that only 50 to 60 per cent of nitrite N fixed by soils 
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was released by boiling with 6N HGl for 12 hours and that 75-80 
per cent of the fixed N released by this treatment was in the 
form of ammonium» In an attempt to elucidate the nature of the 
fixation reaction, Bremner and Fuhr (1966) studied the re­
actions of nitrite with model compounds. Their results indi­
cated that nitrite N fixation by soils is due to a chemical 
reaction between nitrite and soil organic matter involving 
formation of aromatic nitroso compounds. 
Gaseous Products of Nitrite Decomposition in Soils 
Before reviewing the literature concerning the gaseous 
products of nitrite decomposition in soils, it is necessary to 
discuss the properties of nitric oxide (NO) and nitrogen 
dioxide (NOn). Nitric oxide is readily oxidized to nitrogen 
dioxide in the presence of oxygen (2N0 +02= 2N02) and should 
not, therefore, be detectable under aerobic conditions. At 
ordinary temperatures, NO2 exists in equilibrium with N20^ 
(2NO2 = N20^)o For convenience, the equilibrium mixture of NO2 
and N2O4 will be referred to here as nitrogen dioxide. Nitrogen 
dioxide is very soluble in water and reacts with water to form 
an equimolar mixture of nitrate and nitrite (N^O^ + H2O = 
HNO2 + HNO^). It is possible therefore, that NO and NO2 formed 
by decomposition of nitrite in soil may be converted to nitrate 
and nitrite before they can escape from the soil. 
Nitric oxide and nitrogen dioxide 
Nitric oxide has not been identified as a product of 
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nitrite decomposition in soils under aerobic conditions, but 
has been detected in experiments in which the atmosphere above 
nitrite-treated soil contained very little oxygen (Smith and 
Clark, 1960; Reuss and Smith, 1965). Nitric oxide has also 
been detected following treatment of acidic soils with nitrate 
under anaerobic conditions (Jones, 1951; Wiljer and Delwiche, 
1954; Arnold, 1954, Cady and Bartholomew, 1960; Cooper and 
Smith, 1963). Its detection under these condibions has been 
attributed to chemical decomposition of nitrous acid produced 
by microbial reduction of nitrate. 
Several investigators (Temple, 1914; Robinson, 1923; 
Madhok and Uddin, 1946; Gerretsen and de Hoop, 1957; Reuss and 
Smith, 1965) have reported detection of nitrogen dioxide as a 
product of nitrite decomposition in acidic soils, but Smith and 
Clark (1960) and Tyler and Broadbent (1960) were unable to 
detect nitrogen dioxide by gas chromatographic or mass spec-
trometric analysis of aerobic atmospheres above acidic soils 
treated with nitrite. Reuss and Smith (1965) have suggested 
that the failure of Smith and Clark (1960) and Tyler and 
Broadbent (1960) to detect NO2 could be due to use of experi­
mental systems that promoted absorption of this gas by moist 
soil. 
Nitrogen and nitrous oxide 
Using gas chromatographic techniques. Smith and Clark 
(1960) and Reuss and Smith (1965) obtained evidence that 
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substantial amounts of N2 and small amounts of N2O were pro­
duced by decomposition of nitrite in acidic soils. The for­
mation of N2 by nitrite decomposition in acidic soils was 
confirmed by a mass spectrometer study reported by Tyler and 
Broadbent (1960). 
Factors affecting formation of gaseous nitrogen compounds 
Studies of factors affecting the formation of gaseous 
nitrogen compounds by decomposition of nitrite in soils have 
been very limited, but they suggest that the amount of N2 
formed increases with increase in soil organic matter content 
(Smith and Clark, 1960; Reuss and Smith, 1965) and with decrease 
in soil pH (Reuss and Smith, 1965). They also indicate that 
the amount of NO2 formed increases with decrease in soil pH 
(Reuss and Smith, 1965). There is evidence that soil sterili­
zation has little effect on formation of N2 (Tyler and Broadbent, 
1960; Reuss and Smith, 1965) or on production of NO2 (Reuss and 
Smith, 1965). 
Mechanism of Chemodenitrification 
Several mechanisms of chemodenitrification have been pro­
posed. The literature on these mechanisms has been reviewed in 
recent articles by Allison (1965, 1966), Broadbent and Clark 
(1965), and Broadbent and Stevenson (1966). 
Self-decomposition of nitrous acid 
Nitrite is reasonable stable in solutions having pH values 
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greater than 5 . 5  (Allison and Doetsch, 1 9 5 1 ;  Gerretsen and 
de Hoop, 1957), but the nitrous acid formed in more acidic so­
lutions decomposes to yield nitric oxide. This decomposition 
reaction is usually represented as follows: 
3HN02 = 2N0 + HNO3 + H2O 
The importance of this reaction in chemodenitrification 
has been questioned in recent articles by Broadbent and Clark 
( 1 9 5 5 ) ,  Allison ( 1 9 6 6 ) ,  and Broadbent and Stevenson ( 1 9 6 6 ) o  
Broadbent and Clark concluded that "evidence currently available 
indicates that any appreciable loss of nitrite by nitrous acid 
decomposition is improbable* In neutral or alkaline soils there 
would be little if any nitric oxide formation. In aerated acid 
soils, where chemical oxidation of NO proceeds rapidly, it is 
unlikely that any considerable NO would escape to the atmosphere 
before oxidation and hydration to HNO3 could occur". Allison 
concluded that "present evidence seems to lead to the conclusion 
that nitrogen losses from soils as NO are seldom large". 
Reaction of nitrite with metal ions 
Wullstein and Gilmour ( 1 9 6 4 )  recently postulated that ex­
changeable metallic cations play an important role in chemo­
denitrif icationo The experimental basis for this hypothesis 
was their finding that extraction of kaolinite and an Oregon 
soil with IN NaCl reduced the amount of NO formed when these 
materials were treated with nitrite and that the NaCl extracts 
contained metal ions that promoted nitrite decomposition* They 
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concluded that copper ions in the kaolinite extract and manga­
nese ions in the soil extract were responsible for reduction of 
nitrite to NO and reported that, in solution studies, "the 
transition metals copper, iron, and manganese and certain 
aluminum salts promoted decomposition of nitrite''^, To explain 
their observations, they postulated that, in the reduced state, 
certain metal ions can reduce nitrous acid to nitric oxide as 
indicated by the following equation they proposed for the re­
action of nitrite with manganous ions: 
+ HNOg = + NO + H2O 
More recently Wullstein and Gilmour (1966) reported that 
both N2 and NO are formed by reaction of ferrous ions with 
nitrite under acidic condition in a helium atmosphere. They 
concluded that this reaction may be an important mechanism of 
nitrogen loss from soils, the basis for this conclusion being 
their assumption that both ferrous ions and nitrite are formed 
in soils under conditions similar to those found to promote 
microbial denitrification of nitrate. 
Ghao and Bartholomew (1964) and Ghao and Kroontje (1966) 
also found that NO was formed by reaction of ferrous ions with 
nitrite under acidic conditions, but Ghao and Kroontje were 
unable to detect formation of Ng in this reaction (they did 
observe formation of a small amount of N2O), Ghao and 
Bartholomew (1964) obtained indications that a nitric oxide-
ferrous ion complex was formed in the reaction of nitrite with 
ferrous ions. They did not observe formation of NO or N2 
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following treatment of aluminum-saturated bentonite with nitrite 
under acidic conditions. 
Reactions of nitrite with ammonium and hydroxylamine 
Allison (1963) pointed out that both ammonium and nitrite 
are often present in soils treated with ammonium or ammonium-
forming fertilizers and postulated that significant gaseous 
loss of nitrogen from soils can occur by the reaction often 
described as ammonium nitrite decomposition; i.e., through for-
— + 
mation of N2 by reaction of ammonium with nitrite (NO2 + NHi,. > 
NH^^N02 ^ ^ 2 H2O). Nitrite is known to react slowly with 
ammonium under acidic conditions (Van Slyke, 1911), but there 
appears to be no evidence in the literature that it reacts with 
ammonium under neutral conditions. Allison (1963) and Ewing 
and Bauer (1966) have discussed the conditions under which 
ammonium nitrite decomposition is likely to occur in soil and 
have concluded that this reaction will take place when nitrite 
and ammonium are present simultaneously in acidic soils. 
Interest in ammonium nitrite decomposition as a mechanism 
of N loss from soils was stimulated by Gerretsen and de Hoop 
(1957). They claimed that substantial amounts of N2 were 
evolved from slightly acidic buffer solutions containing 
nitrite and ammonium ions and that considerable loss of N as N2 
occurred during nitrification of ammonium sulfate in acidic, 
sandy soils; and they concluded that N2 formation in these 
studies resulted from decomposition of ammonium nitrite. 
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However, other workers (Jones, 1951; Notnmik, 1956; Smith and 
Clark, 1960) have failed to detect ammonium nitrite decompo­
sition in soils treated with ammonium and nitrite. For ex­
ample, N^^-tracer studies by Jones (1951) and Nommik (1956) 
showed that none of the Ng evolved from soils treated with am­
monium and nitrite was formed by reaction of ammonium with 
nitrite. 
Wahhab and Uddin (1954) obtained evidence that am.monium 
nitrite decomposition occurred when neutral or alkaline soils 
containing ammonium and nitrite were air-dried, but concluded 
that loss of nitrogen through volatilization of ammonium and 
self-decomposition of nitrite on air-drying was much larger than 
loss through ammonium nitrite decomposition. It is noteworthy 
that they detected ammonium nitrite decomposition under alkaline 
conditions, because previous work had indicated that this re­
action occurred only under acidic conditions. 
In a recent discussion of the importance of ammonium 
nitrite decomposition in gaseous loss of N from soils, Broadbent 
and Clark (1965) concluded that "such data as are available 
suggest that decomposition of ammonium nitrite is of little or 
no significance in chemodenitrification". In contrast, Allison 
(1965) concluded that "wherever appreciable quantities of 
ammonia and nitrite ions are present simultaneously, especially 
in acid soils, some formation of gaseous nitrogen is a strong 
possibility. Since the extent of the reaction is a function of 
concentration, it is obvious that even if there is no reaction 
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in a moist soil, considerable loss of nitrogen may occur on 
drying". 
Arnold (1954) found that large amounts of nitrous oxide 
were evolved when hydroxylamine was added to soils and suggested 
that gaseous loss of soil nitrogen may occur through reaction 
of nitrite and hydroxylamine formed during nitrification of am­
monium by soil microorganisms (NH^OH + HNO2 = N2O + 2H20). The 
importance of this reaction seems questionable because hydroxyl-
amine has not been detected in soils or identified unequivocally 
as an intermediate in nitrification. 
Reaction of nitrite with compounds containing free amino groups 
It has been known for some time that compounds containing 
free amino groups (amino acids, urea, amines, etc) will react 
with nitrous acid under acidic conditions to yield elemental 
nitrogen (R.NH2 + HNO2 = R.OH + N2 + H2O). This reaction of 
nitrous acid with amino compounds is often described as the 
Van Slyke reaction, because Van Slyke (1911, 1929) utilized it 
for estimation of free amino groups. Early workers postulated 
that this reaction is an important mechanism of N loss from 
soils and other natural systems (Lohnis and Fred, 1923; Barrit, 
1931, Eggleston, 1935; Wilson, 1943). However, studies of the 
reactions of nitrite with amino acids and urea in buffer so­
lutions (Allison and Doetsch, 1951; Allison e_t . , 1952; Sabbe 
and Reed, 1964) have indicated that these reactions are not 
likely to occur to any significant extent in soils. Broadbent 
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and Clark (1965) summarized the views of most workers when they 
concluded in a recent article that "the preponderance of work 
during the past decade indicates that there is small likelihood 
that the Van Slyke reaction occurs to any significant extent 
under conditions commonly occurring in soils. At pH values at 
which the reaction can occur at an appreciable rate, namely pH 
5 or lower, conditions for nitrite formation either by biologi­
cal oxidation of ammonia or by enzymatic reduction of nitrate 
are not favorable. Even if nitrous acid were formed, in the 
presence of air it would at best react only very slowly with 
amino acids". However, Reuss and Smith (1965) recently postu­
lated that the No produced on treatment of acidic soils with 
nitrite is formed by "a Van Slyke type reaction involving 
labile NH2 groups in the soil organic matter". 
Reaction of nitrite with soil organic matter 
Smith and Clark (1950) noted that a soil high in organic 
matter decomposed nitrite to N2 more extensively than did a 
soil low in organic matter. Clark and Beard (1960) found that 
a pretreatment with hydrogen peroxide to remove organic matter 
reduced the ability of soil to decompose nitrite. They also 
noted that decomposition of nitrite in quartz sand was promoted 
by addition of peptone or alfalfa meal. These observations led 
Clark (1962) to suggest that "organic reducing compounds" pro­
mote nitrite decomposition in soils. Some support for this 
suggestion has been provided by the finding that lignin and 
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soil humic acid preparations reduce nitrite to N2 and N^O under 
the conditions of the Van Slyke method of estimating free amino 
groups (Bremner, 1957; Stevenson and Swaby, 1964)* 
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SECTION III. MATERIALS AND METHODS 
Materials 
Soils 
The soils used (Table 1) were selected to obtain a wide 
range in physical and chemical properties and to include samples 
of most of the major soil types in Iowa. Most of the samples 
were from areas that had not been treated with nitrogenous 
fertilizers for several years, and all except no. 9 (a 6- to 
12-inch sample of soil 8) were surface (0- to 6-inch) samples. 
The methods of sample handling and storage were as described by 
Keeney and Bremner (1966a), field-moist samples being stored in 
sealed polyethylene bags at -5°G. and air-dried samples being 
stored in tightly sealed glass containers. Most of the work 
reported was carried out with air-dried samples crushed to pass 
a 2-mm. sieve, but air-dried samples ground to < 80 mesh were 
used for the analyses reported in Table 1 and for experiments 
with N^^-enriched sodium nitrite. 
Minerals 
The vermiculite used was a sample of unexfoliated Veri-Gro 
ore obtained from Dupre Vermiculite (Exfoliators) Ltd., Welwyn, 
England. The other minerals were obtained from Ward's Natural 
Science Establishment, Rochester, N.Y. Before use, all minerals 
were ground to pass a 40-mesh screen* 
Table 1. Analyses of soils 
Soil 
pH Organic G Total N 
Particle size 
distribution 
CaCOg 
Cation-
exchange 
capacity No. Type* Sand Silt G lay 
% 7o % % % % me./lOO g 
1 Marshall sicl 5.0 2.10 0.180 4 65 31 22.1 
2 Webster 1 6.8 3.19 0.277 33 45 22 - 33.0 
3 Colo p 6.8 27.1 2.10 - - - - -
k Nicollet sal 6.9 1.43 0.134 54 26 20 - 18.5 
5 Nicollet 1 7.5 1.79 0.155 29 43 28 - 21.0 
6 Niacam sal 7.6 4.01 0.310 62 24 14 , - 26.0 
7 Regina c 8.0 2.30 0.241 1 21 78 - 46.8 
8 Marshall sicl 4.8 2.21 0.209 3 58 39 0.00 19.8 
9 Marshall sicl 4.8 1.59 0.148 2 57 41 0.00 21.0 
10 Pershing sil 5.1 1.79 0.164 2 79 19 0.00 7.0 
11 Clyde sil 5.5 4.30 0.402 16 59 25 0.00 29.9 
12 Muscatine sicl 6,0 2.25 0.215 5 67 28 0.00 21.0 
13 Buckner sa 6.1 0.30 0.032 94 3 3 0.00 2.8 
14 Gresco 1 6.2 2.32 0.205 32 46 22 0.00 19.6 
15 Moody sicl 6.2 2.65 0.254 5 67 28 0.00 21.6 
15 Floyd 1 6.3 2.78 0.267 30 46 24 0.00 22.7 
17 Glencoe 1 6.3 2.90 0.240 40 37 23 0.00 26.3 
18 Kenyon 1 6.4 1.72 0.155 36 33 21 0.00 13.6 
19 Tama sil 6.4 1.99 0.185 5 67 28 0.00 23.4 
20 Webster cl 6.5 2.99 0.233 29 41 30 0.00 32.0 
21 Fayette sicl 6.5 2.19 0.211 4 65 31 0.00 22.7 
22 Marshall sicl 6.6 1.60 0.163 3 59 38 0.14 22.6 
^Sicl, silty clay loam; 1, loam; p, peat; sal, sandy loam; c, clay; sil, silt 
loam; sa, sand; cl, clay loam; sic, silty clay. 
Table 1 (Continued)o 
Soil Particle size ; 
distribution Cation-
No. Type^ pH Organic C Total N Sand Silt Clay CaCOg 
exchange 
capacity 
% % % % % % me./lOO g 
23 Marcus sicl 6.6 3i81 0.331 2 61 37 0.00 35.2 
24 Grundy sicl 6.7 2.21 0.201 5 68 27 0.40 21.4 
25 Sac sicl 6.8 2.48 0.237 10 56 34 0.43 28.4 
26 Thurman sa 6.8 0.64 0.056 90 9 1 0.00 4.4 
27 Edina sil 6.8 1.69 0.164 1 74 25 0.00 18.7 
28 Shelby cl 6.8 1.81 0,170 42 29 29 0.00 23.5 
29 Glencoe sic 6.8 8.92 0.860 8 51 41 0.00 48.8 
30 Clarion sal 6.9 2.19 0.203 51 31 18 0.20 16.7 
31 Nicollet 1 7.0 2.27 0.204 44 36 20 0.00 19.2 
32 Primghar sicl 7.0 3.41 0.313 6 56 38 0.33 33.2 
33 Galva sicl 7.2 2.92 0.269 4 61 35 0.36 31.6 
34 Monona sicl 7.2 1.62 0.163 7 66 27 0.54 18.1 
35 Napier sil 7.6 1.70 0.171 11 65 24 1.29 18.2 
36 Hayden sal 7.7 2.46 0.164 53 37 10 I. 10 11.0 
37 Ida sil 7.8 0.93 0.105 10 71 19 2.10 13.8 
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Other materials 
The lignin preparations used were products available com­
mercially as Meadol MRM (Mead Corporation) and Indulin A (West 
Virginia Pulp and Paper Co.), Meadol MRM is prepared from 
hardwood by the soda process; Indulin A is prepared from pine 
wood by the sulfate process « 
The humic acid preparation employed was isolated from 
Glencoe soil (no* 29) by the 0« 5M NaOH extraction procedure de­
scribed by Bremner (1957). The cation-exchange resin used was 
20- to 50-mesh reagent-grade Amberlite IRG-50 ion exchange 
resin (H"*" or Na"^ form) obtained from Mallinckrodt Chemical 
Works, St. Louis, Mo. The gases employed (helium, helium-oxy­
gen mixture, nitrogen, nitrous oxide, nitric oxide, and nitrogen 
dioxide) were purified compressed products obtained from the 
Matheson Company Inc,, Joliet, 111, 
The chemicals used were reagent-grade quality or the best 
quality available commercially. The NaN^^02 (31 atom % N^^) 
employed was obtained from Office National Industriel de 
l'Azote, Paris, France, All water used was distilled water 
(condensed steam) that had been deionized by treatment with 
ion-exchange resins in a Bantam Demineralizer (Model BD-1). 
Analytical Procedures 
Non-gaseous forms of nitrogen 
Total N was determined by the Kjeldahl procedure described 
by Bremner (1965a). Ammonium N, nitrite N, and nitrate N in 
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solutions or extracts were determined by steam-distillation 
procedures involving use of magnesium oxide for distillation of 
ammonium, finely divided Devarda alloy for reduction of nitrate 
and nitrite, and sulfamic acid for destruction of nitrite 
(Bremner and Keeney, 1965). When these procedures were applied 
to buffered solutions, the aliquots taken for analysis were 
acidified (pH 2) with HGI immediately before treatment with 
sulfamic acid, and were neutralized (pH 7) with HGI or NaOH 
before distillation with MgO or with MgO and Devarda alloy. 
Unless otherwise specified, exchangeable ammonium, nitrite, and 
nitrate in soils were extracted with 2M KCl as described by 
Bremner and Keeney (1966). 
The amount of nitrogen fixed (i.e. rendered non-exchangea-
ble) on addition of N^^-enriched nitrite to soils and other 
materials was determined by total N analysis and isotope-ratio 
analysis of total N after removal of inorganic forms of nitro­
gen by extraction with 2M KG 1. This nitrogen will be referred 
to as fixed N. 
Gaseous forms of nitrogen 
Preliminary work showed that N2, N2O, and NO could be 
determined quantitatively by gas chromatography using a dual 
column system (molecular sieve and silica gel columns), but 
attempts to determine NO2 by gas chromatography were unsuc­
cessful. Also, a survey of the literature showed that the 
chemical methods available for estimation of NO2 are subject to 
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interference by NO. It was decided, therefore, to seek a 
method permitting quantitative determination of NO + NO2. The 
method adopted developed from studies which showed that NO and 
NO2 are absorbed quantitatively by alkaline potassium permanga­
nate solution and that the amount of (NO + N02)-N absorbed can 
be determined quantitatively by analyzing this solution for 
(nitrate + nitrite)-N. 
Gas analysis units The units illustrated in Figure I 
were fabricated for experiments involving determination of 
gaseous forms of nitrogen. Their dimensions are given in 
Figure 2, which is a cross-section diagram of a unit (for 
clarity, the screws and wing-nuts used to attach the lid of the 
unit are not illustrated in this diagram). The dish portion of 
each unit was made by cementing (plexiglas cement), two 
sections of acrylic tubing (3%" O.D., wall thickness and 1^" 
O.D., 1/8" wall thickness) to a 4" square of acrylic sheet 
(plexiglas, 3/8" thick). The lid of the unit was a 4" square 
of acrylic sheet (3/8" thick) fitted with a needle valve (1/8") 
and a rubber septum with mercury seal. The outer rim of the 
dish was machined so that it had a groove as illustrated in 
Figure 2, and an O-ring seal (3 1/8" diameter) was placed in 
this groove to obtain an air-tight seal on attachment of the 
lid by the machine screw-wing nut arrangement illustrated in 
Figure 1. 
When the units described were used to determine the 
Figure I. Gas analysis unit 
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Figure 2.  Gross-section diagram of a gas analysis unit 
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nitrogenous gases formed by treatment of soils and other ma­
terials with nitrite, the procedure was as follows. Five ml. 
of 0.1^ KMnO^i : KOH solution were added to the inner (center) 
chamber of a gas analysis unit and a weighed sample of soil or 
other material was added to the outer chamber. The unit was 
sealed and the needle valve was connected to a manifold system 
consisting of a vacuum pump, manometer, and tank of compressed 
gas (helium or helium-oxygen mixture). The needle valve was 
then opened and the unit was thoroughly evacuated. After 
degassing, the unit was filled with helium or with a mixture of 
helium (80%) and oxygen (20%) to a pressure of 800 mm. of Hg. 
and this degassing-filling operation was repeated until gas 
chromatographic analysis of the atmosphere within the unit 
showed that only a trace of N2 was present. The pressure 
inside the unit was then adjusted to 800 mm. of Hg; and, after 
about 1 hour, a measured amount of nitrite solution was injected 
into the outer chamber of the unit through the rubber septum 
(by means of a calibrated hypodermic syringe). The unit was 
then placed in a constant temperature cabinet, and after the 
time selected, a 1-ml. sample of gas was removed from the unit 
by means of a gas-tight syringe (Model 1001, Hamilton Company, 
Whittier, California) and subjected to gas chromatographic 
analysis. The lid of the unit was then removed, and the con­
tents of the inner and outer chambers were analyzed. 
Determination of ^ 2, N2O, and NO The gas chromatograph 
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used for determination of N2, and NO was a Beckman GC-2A 
instrument fitted with two chromatographic columns arranged in 
parallel and connected to a Sargent Model SR-20 strip chart 
recorder. A 137-cm, column packed with 60/80-mesh molecular 
sieve 5A flour (Chrom-Line Laboratories, Kansas City, Mo.) was 
used to separate N2 and NO from other gases, and a 125-cm, 
column containing a 105-cm, section of silica gel (Microtek 
Instruments Inc., Baton Rouge, La.) and 10-cm. sections of 
Mikohbite (G. Frederick Smith Chemical Co., Columbus, Ohio) at 
each end of the column was used to separate N2O. The molecular 
sieve column was activated by heating at 400°C. for 4 hours. 
Helium was used as the carrier gas. The conditions for oper­
ation of the gas chromatograph were as follows: 
Carrier gas pressure 30 psio 
Detector bridge current 300 mamps 
Column temperature 
molecular sieve 23°Co 
silica gel 70°C, 
Carrier gas flow 
through molecular sieve column 41 ml„/min. 
through silica gel column 158 ml./min. 
through reference side of detector 98 ml./min. 
Total analysis time min» 
The calibration curves used to calculate the amounts of 
N2, N2O, and NO in gas samples were constructed from the 
recorder responses obtained when known amounts of these gases 
were injected into the gas chromatograph. With each gas, the 
recorder response was found to be a linear function of the 
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amount of gas injected. To calculate the volume of gas in the 
gas analysis units sampled, the total volumes of the units were 
determined and corrections were applied for the volume occupied 
by the materials added to the unit (soil, nitrite solution, 
etc.). A soil density of 2.65 g./cm.^ was assumed in calcu­
lation of the volume occupied by soil. 
Determination of NO + NOp The reagent used for ab­
sorption of NO and NO2 was O.IM KMnOi^.: IM KOH solution. The 
amount of (NO + N02)-N absorbed was determined by analysis of 
this solution for (nitrite + nitrate)-N as described in 
Appendix II. 
Nitrogen isotope-ratio analysis 
In experiments with N^-^-enriched sodium nitrite, nitrogen 
isotope-ratio analyses were performed as described by Bremner 
(1955b), the ethanol distillation technique of Bremner and 
Edwards (1965) being used to prevent cross-contamination 
during distillation of ammonium samples for N^^ analysis* The 
mass spectrometer used was a Consolidated Electrodynamics 
Corporation Model 21-620 instrument fitted with a direct 
current amplifier and an isotope-ratio accessory. 
Miscellaneous 
A Beckman Zeromatic glass-electrode pH meter was used for 
pH determinations, a soilrwater (1:2,5, w/v) suspension being 
used for determination of soil pH, Organic carbon was de­
termined by the method of Mebius (1960). Particle size 
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analysis was performed by the pipette method of Kilmer and 
Alexander (1949) as modified by Edwards and Bremner (1965), 
dispersion being effected by shaking a 10 g. sample of air-dry 
soil (< 2 mm.) with 4 g. (dry weight) of sodium-saturated 
Amberlite 200 cation-exchange resin and 60 ml. of water for 
10 hours. Cation-exchange capacity was determined by an am-
monium-saturation technique using NH^-Amberlite 200 cation-
exchange resin as the saturating agent (Edwards, 1967). 
Carbonate (reported as CaCOg) was determined by the pressure-
calcimeter method (Allison and Moodie, 1965). 
All analyses reported are averages of at least duplicate 
determinations and all soil analyses reported are on a moisture-
free basis, moisture being determined from loss in weight 
following drying at 110°C. for 12 to 18 hours. 
Miscellaneous 
Since the purpose of the work reported was to study the 
chemical transformations of nitrite in soils, most of the work 
was carried out with sterilized soils (<2 mm.). Sterilization 
was performed by heating in an autoclave at 120°G. for 30 min­
utes. 
Unless otherwise specified, incubations of nitrite-treated 
soil samples were performed in unstoppered sample containers, 
the containers being placed in a constant-temperature cabinet 
(usually 25°Co) containing a large pan of water (to saturate 
the atmosphere with water vapor). Tests showed that gain or 
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loss of water by nitrite-treated samples during incubation was 
insignificant. 
Multiple regression analyses were performed by the Iowa 
State University Statistical Laboratory using standardized 
computer programs. 
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SECTION IV. FACTORS INFLUENCING NITRITE DECOMPOSITION AND 
FIXATION OF NITRITE NITROGEN IN SOILS 
The object of the work reported in this section was to 
study the factors influencing nitrite decomposition and fix­
ation of nitrite N in soils under conditions similar to those 
normally encountered in the field. The approach used was to 
follow the transformations of nitrite N that occurred when a 
variety of soils were treated with N^^-enriched nitrite 
(NaN^^Og). Sterilized and unsterilized soils were used, and 
the data obtained were analyzed statistically to determine the 
relationships between soil properties and the transformations 
of nitrite N observed. 
Effects of Soil Properties 
The effects of various soil properties on nitrite decom­
position and fixation of nitrite N were studied by analyzing 
for nitrite N, nitrate N, and fixed N after treatment of 30 
Iowa soils with N^^-enriched nitrite (NaN^^o^). The soils 
used were selected to obtain a wide range in soil properties, 
including pH, organic matter content, and texture. The re­
lationships between soil properties and recovery of added 
nitrite N as nitrite, nitrate, and fixed N were determined by 
multiple correlation analyses. 
Table 49 (Appendix I) gives the results obtained when 
soils were analyzed immediately after treatment with nitrite. 
The averages of the results obtained with soils in 4 pH ranges 
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are given in Table 2. The data show that recovery of nitrite N 
added to soils with pH values ranging from 6.1 to 7,8 was almost 
quantitative, but that some decomposition of nitrite and fix­
ation of nitrite N occurred with more acidic soils. Multiple 
correlation analysis of the data (Table 50, Appendix I) showed 
a weak positive correlation between soil pH and the amount of 
added N recovered as nitrite, and weak negative correlations 
between soil pH and the amount of added N which was fixed or was 
not recovered as (nitrite + nitrate + fixed)-N, 
Table 51 (Appendix I) gives the results of analyses per­
formed after incubation of nitrite-treated soils (33% moisture 
level) for 4 days. The averages of the results obtained with 
soils in 4 pH ranges are shown in Table 2. The data show that 
the amount of added N recovered as nitrite increased with in­
crease in soil pH, whereas the amount fixed and the amount not 
recovered as (nitrite + nitrate + fixed)-N decreased with 
increase in soil pH, The amount of added N recovered as nitrate 
was not influenced by soil pH, Multiple correlation analysis 
of the data (Table 52, Appendix I) showed that pH was the most 
important factor influencing nitrite decomposition and fixation 
of nitrite N in soils. There was a strong positive correlation 
between soil pH and the amount of added N recovered as nitrite, 
and there were strong negative correlations between soil pH and 
the amount of added N which was fixed or was not recovered as 
(nitrite + nitrate + fixed)-N, 
Table 53 (Appendix I) gives the results of analyses per­
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formed after air-drying of nitrite-treated soils. The averages 
of the results obtained with soils in 4 pH ranges are given in 
Table 2, The data show that the amount of added N recovered as 
nitrite increased with increase in soil pH, whereas the amount 
fixed and the amount not recovered as (nitrite + nitrate + 
fixed)-N decreased with increase in soil pH. The amount of 
added N recovered as nitrate was not influenced by soil pH, 
Comparison with the data obtained in the study of the effect of 
incubating nitrite-treated soils for 4 days shows that air-
drying of nitrite-treated soils did not markedly increase the 
amount of added N fixed, but did promote nitrite decomposition, 
particularily in neutral and alkaline soils. Multiple corre­
lation analysis of the data (Table 54, Appendix I) showed that 
soil pH was the most important factor influencing nitrite N 
fixation and nitrite decomposition during air-drying of nitrite-
treated soilso There was a strong positive correlation between 
soil pH and the amount of added nitrite N recovered as nitrite, 
and there were strong negative correlations between soil pH and 
the amount of added N which was fixed or was not recovered as 
(nitrite + nitrate + fixed)-N. 
Since it was obvious from these experiments that soil pH 
was the dominant factor in nitrite decomposition and fixation of 
nitrite N in soils, it was decided to investigate the effect of 
pH on nitrite transformations in more detail and to perform 
buffer solution studies to determine which factors besides pH 
influence nitrite decomposition and fixation of nitrite N in 
Table 2. Recovery of nitrite N added to 30 Iowa soils^ 
Soils 
Treatment of 
soil sample after 
addition of 
nitriteb 
Average recovery of nitrite N (%) 
pH range 
Number of 
samples As nitrite As nitrate As fixed N Totale 
4.8-6.0 5 0 90 1 3 94 
6.1-6.5 9 0 97 1 1 99 
6.6-7.0 11 0 98 1 0 99 
7.1-7.8 5 0 99 1 0 100 
4.8-6.0 5 I 7 4 9 21 
6.1-6.5 9 I 48 1 5 55 
6.6-7.0 11 I 65 2 4 70 
7.1-7.8 5 I 92 2 1 95 
4.8-6.0 5 AD 1 4 9 15 
6.1-6.5 9 AD 12 2 5 19 
6.6-7.0 11 AD 28 2 4 34 
7.1-7.8 5 AD 60 3 2 65 
^Three-gram samples of sterilized soil «80 mesh) were treated with 1 ml. of 
NaN02 solution containing 600 jug. of nitrite N. 
^0, none (samples were analyzed immediately after addition of nitrite); I, 
samples were incubated for 4 days at 25°C.; AD, samples were air-dried (3 days; 50% 
relative humidity). 
^Recovery as (nitrite + nitrate + fixed)-N. 
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soils. 
Effect of pH 
Table 3 shows results obtained in a study of the effect of 
pH on the decomposition of nitrite in buffer solutions. It can 
be seen that nitrite was rapidly decomposed in solutions with 
pH values below 5, but was stable in solutions having pH values 
of 7 or 8. At pH 2 and pH 3 the amount of nitrate produced was 
almost the theoretical amount predicted by the classical e-
quation for self-decomposition of nitrous acid (3HN02 = 2N0 + 
HNO3 + H2O), but at higher pH values the amount of nitrate 
formed was smaller than the amount predicted by this equation. 
The effect of pH on nitrite decomposition and fixation of 
nitrite N by soil organic matter was investigated by treating a 
soil huraic acid preparation with nitrite at pH values ranging 
from 1 to 9. The results (Table 4) showed that maximal fixation 
of nitrite N occurred at pH 3, Above pH 3, the amount of 
nitrite N fixed decreased with increase in pH, but some fixation 
occurred at pH 9, The finding that more nitrite N was fixed at 
pH 3 than at pH 1 is probably due to the fact that nitrite N is 
volatilized more rapidly at pH 1 than at pH 3, The percentage 
of added nitrite N which was not recovered as (nitrite + nitrate 
+ fixed)-N was inversely related to the pH of the reaction 
mixture. 
Table 5 gives data obtained in a study of the effect of 
amending acidic soils with CaCOg to increase their pH before 
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Table 3. Effect of pH on decomposition of nitrite in acetate 
buffer (26°C.)& 
pH of buffer 
Time of 
decomposition 
(hours) 
Recovery of nitrite N (%) 
As nitrite As nitrate 
2 11 0 33 
24 0 34 
48 0 33 
3 11 2 27 
24 0 29 
48 0 29 
k 11 37 12 
24 17 16 
48 8 17 
5 11 95 1 
24 89 3 
48 80 6 
6 11 99 < 1 
24 97 2 
48 95 2 
7 11 100 0 
24 99 < 1 
48 98 1 
8 11 100 0 
24 100 0 
48 100 0 
^One mg. of nitrite N (as NaNO 
0.5M Na acetate buffer solution and 
for specified time. 
2) was added 
mixture was 
to 20 ml. of 
shaken slowly 
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Table 4. Effect of pH of nitrite treatment on recovery of 
nitrite N after treatment of soil humic acid prepa­
ration with NaN02 solution for 4 days (25°C.)^ 
pH of nitrite Recovery of nitrite N (%) 
treatment As nitrite As nitrate As fixed N Total^ 
1 0 27 7 34 
3 0 32 16 48 
5 78 6 4 88 
7 93 1 1 95 
9 98 0 < 1 98 
^Humic acid preparation (2 g») was dissolved in 200 ml. of 
O.OIN NaOH and 4 ml, aliquot s of the solution (containing ca, 
12 mg. of G) were brought to pH specified (with 0.5N HGl), made 
to 6 ml. (with water), and treated with 1 ml. of NaN02 solution 
containing 600 jag. of nitrite N, After 4 days, nitrite-treated 
samples were analyzed for nitrite N and nitrate N by direct-
distillation procedures described by Keeney and Bremner (1966) 
and for fixed N by analysis of the residues from the distil­
lations performed in these procedures, 
^Recovery as (nitrite + nitrate + fixed)-N, 
treatment with nitrite. The data show that addition of GaCO^ 
decreased fixation of nitrite N and formation of nitrate, and 
increased the amount of added N recovered as nitrite and as 
(nitrite + nitrate + fixed)-N. 
Effect of organic matter 
Table 6 gives the results of a study to determine the 
effect of soil organic matter on nitrite decomposition and fix­
ation of nitrite N in soils adjusted to pH <1 and pH 5. The 
Table 5. Effect of CaCOg pretreatment of soil on recovery of nitrite N added to 
acidic soils (30OC.)& 
Soil Sample Recovery of nitrite N after k days (%) 
GaG03 
Soil No. pretreatment pH As nitrite As nitrate As fixed TSI Total^ 
8 - 4.8 0 7 10 17 
8 + 7.3 91 4 1 96 
10 5.1 1 10 9 20 
10 + 7.5 88 7 1 96 
12 6.0 15 5 9 30 
12 + 7.7 96 3 0 99 
&One mlo of NaN02 solution containing 500 jig. of nitrite N was added to 3 g„ 
of sterilized soil (< SOmesh) or 3 g. of sterilized soil mixed with 0.15 g. of CaCO^. 
^Recovery as (nitrite + nitrate + fixed)-N» 
Table 6» Effects of soil pretreatments on recovery of nitrite N added to soils at 
pH <1 and pH 5 (30OC.)^ 
Soil Recovery of nitrite N after 4 days (%) 
Adjusted 
No. Pretreatment^ pH As nitrite As nitrate As fixed N Totaic 
29 0 <1 0 32 19 51 
K < 1 0 31 1 31 
A < 1 0 33 0 34 
31 0 <1 0 3l' 13 44 
K < 1 0 30 1 30 
A < 1 0 32 0 32 
29 0 5 9 3 29 42 
K 5 82 4 1 86 
A 5 89 3 0 92 
31 0 5 47 4 20 71 
K 5 85 3 0 88 
A 5 87 4 0 91 
^Three-gram samples of sterilized soil (< 80 mesh) or residue from pretreatment 
of 3 g. of soil were treated with 3 ml, of water containing amount of HGI required to 
bring pH to <1 or to pH 5. Samples were then treated with 1 ml. of NaN02 solution 
containing 600 ug. of nitrite N and incubated for 4 days (30°G,). 
^0, none; K, soil was treated with KOBr-KOH solution as in procedure used for 
removal of organic matter in Silva-Bremner (1966) method of determining fixed ammoni­
um in soils; A, soil was heated at 700°Go for 4 hours. 
^Recovery as (nitrite + nitrate + fixed)-N, 
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data show that removal of soil organic matter by treatment with 
KOBr-KOH solution or by heating at 700°G. practically eliminated 
fixation of nitrite N when soil samples were treated with 
nitrite at pH <1, and significantly decreased the recovery of 
added N as (nitrite + nitrate + fixed)-N. These observations 
are explicable on the grounds that, under highly acidic con­
ditions, any nitrite N which is not fixed is rapidly converted 
to nitric oxide. In other words, under highly acidic conditions, 
organic matter conserves nitrite N by fixing it, and thus pre­
venting its volatilization. At pH 5, however, removal of 
organic matter not only decreased fixation of nitrite N, but 
also decreased nitrite decomposition and volatilization of 
nitrite N, Moreover, at pH 5 the soil with the highest organic 
matter content gave the lowest recovery of added N as (nitrite + 
nitrate + fixed)-N» These observations strongly indicate that, 
at pH 5, soil organic matter promotes nitrite decomposition 
and volatilization of nitrite N. 
Further evidence that nitrite N is fixed exclusively by 
the organic fraction of soil is presented in Table 7, which 
shows data obtained when soils with carbon contents ranging 
from 0,5 to 8.9% were treated with nitrite at pH 4, It can 
be seen that fixation of nitrite N increased with increase in 
the organic matter content of the soil used and that no fix­
ation of nitrite N occurred with soils heated at 700°C. to 
remove organic matter. It is noteworthy that there was no 
apparent relationship between soil organic matter content and 
Table 7, Recovery of nitrite N after treatment of soils and heated soils with 
nitrite solution at pH 4 (250C.)& 
Recovery of nitrite N after 24 hours (%) 
Soil Soil Heated soil 
No. 
Carbon 
content (%) 
As 
nitrite 
As 
nitrate 
As 
fixed N Totalb 
As 
nitrite 
As 
nitrate 
As 
fixed N Total^ 
29 8.9 0 5 33 38 17 5 0 22 
11 4.3 0 5 18 22 16 5 0 21 
18 1.7 5 5 9 19 16 5 0 21 
26 0.6 13 5 3 21 16 5 0 21 
- -
(17 5 0 22)C (17 5 0 22)C 
^Sterilized soil (3 g.) or residue from heating 3. g. of soil at 700°G. for 4 
hours was treated with 2 ml. of 3M Na acetate buffer (pH 4) and 1 ml, of NaN02 
solution containing 600 jig, of nitrite N, 
^Recovery as (nitrite + nitrate + fixed)-N. 
^Control analyses (no soil). 
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the amount of nitrite N volatilized when soils were treated 
with nitrite at pH 4. 
Effects of Experimental Conditions 
Since the experiments reported above involved treatment 
of soils with nitrite under standardized conditions, additional 
studies were conducted to determine the effects of varying 
these conditions. 
Time 
A study of the effect of time on nitrite decomposition and 
fixation of nitrite N in soils incubated with nitrite (Table 8) 
showed that nitrite decomposition occurred largely during the 
first 2 hours of incubation and that nitrite N fixation oc­
curred largely during the first 12 hours. Fixation of nitrite 
N was detectable immediately after addition of nitrite, and 
both fixation and volatilization of nitrite N increased with 
increase in time of incubation. 
Nitrite level 
Table 9 shows data obtained in a study of the effect of 
nitrite level on nitrite decomposition and fixation of nitrite 
N in soils. The data show that the percentage of added nitrite 
N fixed decreased with increase in nitrite level, but that the 
total amount of nitrite N fixed increased with increase in 
nitrite level. The finding that the percentage of added N re­
covered as nitrite or nitrate increased with increase in 
nitrite level indicates that small amounts of nitrite are 
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Table 8. Effect of treatment time on nitrite transformations 
in soils treated with. NaNOg solution (25°Cc)®' 
Recovery of nitrite N (%) 
Treatment 
time 
Soil No. (hours) As nitrite As nitrate As fixed N Total 
0 97 0 < 1 97 
2 46 3 5 54 
12 18 10 7 35 
24 11 10 7 28 
72 4 10 8 22 
96 1 10 9 20 
120 0 10 9 19 
0 99 0 <1 99 
2 55 2 2 59 
12 49 3 5 57 
24 34 3 6 43 
72 14 3 6 23 
96 12 3 7 22 
120 10 3 7 20 
^Three-gram samples of sterilized soil (<80 mesh) were 
treated with 1 ml, of NaN02 solution containing 600 jjg, of 
nitrite N. 
^Recovery as (nitrite + nitrate + fixed)-N^ 
decomposed faster than large amounts of nitrite and that very 
little nitrate is formed by decomposition of low levels of 
nitrite. The recovery of added N as (nitrite + nitrate + 
fixed)-N increased with increase in nitrite level. 
Moisture content 
A study of the effect of soil moisture content on nitrite 
transformations in soils (Table 10) showed that the amount of 
nitrite N fixed was not significantly affected by the soil 
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Table 9. Effect of nitrite N level on nitrite transformations 
in soils (30°Co)^ 
Recovery of nitrite N after 4 days (%) 
Nitrite N level As As As 
Soil No. (ppm. of soil) nitrite nitrate fixed N° TotalC 
10 10 0 0 13 (1) 13 
50 0 0 11 (5) 11 
200 1 10 9 (18) 20 
1000 20 15 4 (39) 39 
19 10 0 0 10 (1) 10 
50 3 0 8 (3) 11 
200 12 3 7 (15) 22 
1000 35 13 4 (38) 52 
^Three-gram samples of sterilized soil (< SOmesh) were 
treated with 1 ml. of NaNC^ solution containing 30, 150, 600, 
or 3000 jLLg. of nitrite N. 
^Figures in parenthesis represent jig. of nitrite N fixed 
per g, of soil. 
^Recovery as (nitrite + nitrate + fixed)-N, 
moisture content, but that the amount of added nitrite N re­
covered as nitrite increased markedly with increase in moisture 
content. This suggests that the rate of nitrite decomposition 
in soils depends upon the concentration of nitrite in the soil 
solution, whereas fixation of nitrite N depends more on the 
total amount of nitrite present. 
The results of experiments to determine the effect of air-
drying sterilized and unsterilized soils treated with nitrite 
are given in Table 11. They show that, with both sterilized 
and unsterilized soils, air-drying caused more nitrite 
Table 10„ Effect of soil moisture content on nitrite transformations in soils 
(30OG.)a 
Soil Recovery of nitrite N after 4 days (%) 
No. Moisture content (%) As nitrite As nitrate As fixed N Totalb 
10 33 1 10 9 20 
67 18 11 10 39 
100 45 9 
o
 
1—1 
63 
19 33 12 3 7 22 
67 59 3 9 71 
100 72 3 8 82 
3 mlo 
^Three-gram samples of sterilized soil (<80 mesh) were 
of NaN02 solution containing 600 jig. of nitrite N. 
treated with 1, 2, or 
^Recovery as (nitrite + nitrate + fixed)> 
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Table 11, Recovery of nitrite N after air-drying and after 
incubation of unsterilized and sterilized soils 
treated with nitrite solution^ 
Recovery of nitrite N (%) 
Soil After air-drying After incubation for 2 days 
No « Sample^ As nitrite As nitrate As nitrite As nitrate 
8 U 1 7 2 9 
S 2 5 2 10 
9 u 4 4 19 6 
s  4 1 19 3 
12 u 5 7 26 10 
s  7 1 17 3 
13 u 24 6 80 5 
s  30 3 83 3 
22 u 40 0 83 2 
s  33 1 75 0 
23 u 11 0 44 0 
s  9 0 40 2 
33 u 49 3 83 3 
s  45 0 82 1 
34 u 66 5 85 11 
s  68 2 94 1 
35 u 88 4 97 4 
s  78 0 100 0 
^Ten-gram samples of soil (< 2 mm. ) were treated with. 3 ml. 
of NaN02 solution containing 1 mg. of nitrite N, After 
treatment, samples were air-dried (3 days; 25°G, ; 50% relative 
humidity) or were incubated at 25°G, for 2 days, 
^U, unsterilized; S, sterilized. 
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Table 11. (Continued) 
Soil 
Recovery of nitrite N (%) 
After air-drying After incubation for 2 days 
Noc Sample^ As nitrite As nitrate As nitrite As nitrate 
37 U 77 0 97 1 
S 80 0 98 0 
Aver­
age U 36 4 62 5 
S 36 1 61 2 
decomposition than did incubation (33% moisture) for 2 days, the 
effect of air-drying being particularily pronounced with neutral 
and alkaline soils. The finding that air-drying promotes 
nitrite decomposition in alkaline soils is significant because 
several investigations have shown that nitrite tends to accumu­
late in alkaline soils treated with ammonium or ammonium-for-
ming fertilizers. 
Table 12 shows results obtained in a study of the effect 
of pH on nitrite decomposition during air-drying of sand-resin 
mixtures treated with nitrite solution. It can be seen, that, 
as with soils, nitrite decomposition on air-drying was sig­
nificant even when the pH values of the mixtures dried were 
above 7. 
Temperature 
Table 13 gives the results of a study of the effect of 
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Table 12. Recovery of nitrite N after air drying of sand-resin 
mixtures adjusted to various pH values and treated 
with nitrite solution^ 
r, , . Recovery of nitrite N (%) 
pH of sand-resin 
mixture As nitrite As nitrate As nitrite + nitrate 
4 0 24 24 
5 1 21 22 
6 53 4 57 
7 69 3 72 
8 71 2 73 
^Mixtures of quartz sand (3 g.) and resin (1 g.) treated 
with 1 ml. of NaN02 solution containing 400 jig, of nitrite N 
were air-dried àt 25°G. (3 days; 50% relative humidity). Resin 
used (Na Amberlite IRC-50 cation-exchange resin) was adjusted 
to desired pH by equilibration with Na acetate buffer so­
lution. 
temperature on nitrite decomposition and fixation of nitrite N 
in soil. The data show that increase in temperature increased 
both volatilization and fixation of nitrite No Similar results 
were obtained in experiments using other soils and higher 
nitrite levels. 
Aeration 
The results of an investigation of the effect of aeration 
on nitrite decomposition in soils are given in Table 14. They 
show that nitrite decomposition in open systems and in systems 
with air flowing over the soil surface was considerably more 
rapid than nitrite decomposition in closed systems (reaction 
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Table 13. Effect of treatment temperature on recovery of 
nitrite N after treatment of Clyde soil with nitrite 
solutions-
Treatment Recovery of nitrite N after 24 hours 
temperature — 
(°C.) As nitrite As nitrate As fixed N T o t a l ^  
5 21 3 4 28 
25 13 4  8 25 
45 1 6 9 16 
^Three-gram samples of <80-mesh sterilized soil (no. 11) 
were treated with 1 ml, of NaN02 solution containing 60 jug. of 
nitrite N. 
bRecovery as (nitrite + nitrate + fixed)-N. 
vessels stoppered or covered with polyethylene film), particu­
larity with mildly acidic soils. With highly acidic soils, 
considerable accumulation of nitrate was observed in closed 
systems, whereas little formation of nitrate was observed in 
open systems. These findings can be explained as follows» In 
open systems NO and NO2 formed by decomposition of nitrite in 
soil diffuse into the atmosphere above the soil, but diffusion 
of these gases is restricted in closed systems, and this pre­
vents further nitrite decomposition, because there is a 
reversible equilibrium between nitrite in the soil and NO and 
NO2 in the soil atmosphere. When diffusion is restricted, NO 
and NO2 are eventually converted to nitrate by reactions with 
oxygen and water, and this allows further decomposition of 
51 
Table 14. Effect of aeration on recovery of nitrite N after 
treatment of soils with nitrite solution (250C.)a 
Soil Method of 
Recovery of nitrite N after 7 days (%) 
no. aeration^ As nitrite As nitrate As nitrite + nitrate 
10 0 1 8 9 
S 3 36 39 
P 1 36 37 
A 1 7 8 
12 0 3 3 6 
S 22 16 38 
P 18 17 • 35 
A 6 2 8 
13 0 66 4 70 
S 72 10 82 
p 63 17 80 
A 67 3 70 
23 0 11 2 13 
S 36 5 41 
p 33 5 38 
A 11 3 14 
29 0 23 0 23 
S 51 2 53 
p 56 2 58 
A 24 0 24 
Average 0 21 3 24 
S 37 14 51 
P 34 15 49 
A 22 3 25 
^Ten-gram samples of sterilized soil (<2 mm.) in 4-ozo 
bottles were treated with 3 mlo of NaN02 solution containing 
1 mg. of nitrite No 
^0, bottle was left open to atmosphere; S, none (bottle 
was stoppered); P, mouth of bottle was covered with 1.5 mil 
polyethylene film ; A, a slow stream of moist air was passed 
over soil surface* 
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nitrite. 
Soil pretreatment 
Table 15 gives the results of an experiment to determine 
the effect of soil sterilization on nitrite decomposition and 
fixation of nitrite No The data show that sterilization did 
not significantly affect either the amount of nitrite N fixed 
or the amount volatilized. Since only a small amount (20 ppm*) 
of nitrite N was added in this experiment and the reaction time 
was only 24 hours, the data obtained indicates that fixation 
and chemodenitrification of nitrite N will occur readily under 
conditions commonly encountered in the field. 
The results of an additional study of the effect of soil 
sterilization on nitrite transformations in soils are given in 
Table 16, They show that, with neutral and alkaline soils, 
there was much larger conversion of nitrite to nitrate in un-
sterilized soil samples than in sterilized samples. On the 
average, the amount of added N recovered as (nitrite + nitrate) 
-N was not markedly affected by soil sterilization, but the 
amount of added nitrite N recovered as nitrite was greater with 
the sterilized soil samples than with the unsterilized samples, 
presumably because sterilization prevented oxidation of nitrite 
to nitrate by soil microorganisms. 
Table 17 gives the results of a study of the effect of air-
drying soils before treatment with nitrite solution. The data 
show that air-drying of field-moist soils before addition of 
Table 15. Effect of soil sterilization on recovery of nitrite N after treatment of 
Clyde soil with nitrite solution for various times (25°C.)^ 
Recovery of nitrite N (%) 
Sterilized soil Unsterilized soil 
Treatment 
time (hours) 
As 
nitrite 
As As 
nitrate fixed N Totalb 
As 
nitrite 
As As 
nitrate fixed N Totalt 
0 98 0 1 99 98 0 1 99 
2 55 2 5 62 54 3 5 62 
24 13 4 8 25 13 5 8 26 
48 0 
00 
17 0 
CO O
 
1—
! 
18 
^Three-gram samples of <80-mesh soil (no. 11) were treated with 1 ml« of NaN02 
solution containing 60 jig» of nitrite N, 
^Recovery as (nitrite + nitrate + fixed) 
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Table 16, Effect of soil sterilization on recovery of nitrite 
N after treatment of soils with nitrite solution for 
7 days (250C.)a 
Soil Recovery of nitrite N (%) 
No. Sample^ As nitrite As nitrate As nitrite + nitrate 
8 U 0 10 10 
S 0 11 11 
9 U 3 7 10 
S 4 5 9 
12 U 8 13 21 
S 3 3 6 
13 u 58 10 68 
s  66 4 70 
22 u 51 2 53 
s  48 0 48 
23 u 3 11 14 
s  11 2 13 
29 u 1 53 54 
s  22 0 22 
33 u 59 7 66 
s  61 2 63 
34 u 81 17 98 
s  86 3 89 
35 u 59 34 93 
s  97 0 97 
^Ten-gram samples of < 2-mm. soil were treated with 3 ml. 
of NaN02 solution containing 1 mg. of nitrite N. 
^U, unsterilized; S, sterilized. 
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Table 16, (Continued) 
Soil Recovery of nitrite N (%) 
No. Sample^ As nitrite As nitrate As nitrite + nitrate 
37 U 43 50 93 
S 97 0  97 
Average U 33 19 52 
S 45 3 48 
nitrite solution did not have a marked effect on the rate of 
nitrite decomposition. 
Soil depth 
The results of a study of the effect of soil depth on 
nitrite decomposition in soils are given in Table 18. They show 
that the recovery of added nitrite N as nitrite and nitrate in­
creased with increase in soil depth, i.e., that the rate of 
nitrite decomposition decreased as the depth of soil increased. 
Decrease in nitrite decomposition and increase in nitrate for­
mation with increase in soil depth is readily explained if, as 
generally assumed, nitrite decomposition in soils leads to for­
mation of NO and NO?, because increase in soil depth will 
increase the time required for diffusion of these gases from the 
soil and thus retard nitrite decomposition and promote nitrate 
formation* 
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Table 17. Recovery of nitrite N after treatment of field-moist 
and air-dried soils with nitrite solution (30°G.)^ 
Soil 
Treatment 
time (days) 
Recovery of nitrite N (%) 
Noo S ample^ As nitrite As nitrate Total^ 
10 FM 2 7 49 56 
AD 2 9 45 54 
FM 6 2 52 54 
AD 6 2 47 49 
12 FM 2 53 7 60 
AD 2 52 8 60 
FM 6 29 13 42 
AD 6 31 10 41 
34 FM 2 97 0 97 
AD 2 97 2 99 
FM 6 92 3 95 
AD 6 90 5 95 
^An amount of air-dried or field-moist soil (sterilized; 
<2 mm.) equivalent to 10 g. of oven-dry soil was treated with 
4 ml. of NaNOg solution containing 1 mg. of nitrite N. Treated 
samples were incubated for 2 or 6 days in glass vials covered 
with 1 mil polyethylene film. 
bpM, field-moist; AD, air-dried. 
cRecovery as (nitrite + nitrate)-N. 
Table 18, Effect of depth of treated soil sample on recovery of nitrite N after 
treatment of soil with nitrite solution (25°C.)^ 
Recovery of nitrite N (%) 
Depth of After 1 day After 2 days 
Soil treated 
no. sample (mm.) As nitrite As nitrate Total^ As nitrite As nitrate Total^ 
4 29 4 33 12 4 16 
16 33 5 38 21 5 26 
32 43 5 48 40 5 45 
60 45 6 51 41 6 47 
4 1 9 10 0 9 9 
16 2 13 15 1 14 15 
32 8 , 15 23 3 20 23 
60 36 15 51 6 22 28 
^Ten-gram samples of sterilized soil (< 2 mm.) were added to glass vials of 
various diameters which contained 3 ml. of NaN02 solution (1 mg„ of nitrite N). 
After addition of soil, each vial was cut so that height of vial above soil surface 
was approximately 20 mm. 
^Recovery as (nitrite + nitrate)-N. 
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Summary and Conclusions 
The work reported shows that soil pH and organic matter 
content are the key factors in chemodenitrification and greatly 
affect both nitrite decomposition and fixation of nitrite N in 
soils. The extent of nitrite decomposition and fixation of 
nitrite N was inversely related to soil pH, but, with soils 
having pH values between 5 and 7, the amount of nitrite N fixed 
and the amount volatilized at a given pH increased with in­
crease in soil organic matter content. At pH values less than 
5, the amount of nitrite N volatilized decreased, and the 
amount fixed increased, with increase in soil organic matter 
content. Air-drying of soils treated with nitrite promoted 
nitrite decomposition, but did not markedly affect fixation of 
nitrite nitrogen. The amount of nitrite decomposed and the 
amount of nitrite N fixed on incubation of soils treated with 
nitrite increased with increase in nitrite level and in time 
and temperature of incubation. Increase in soil moisture con­
tent above a certain level decreased the amount of nitrite N 
volatilized during incubation of nitrite-treated soils, but did 
not markedly affect the amount of nitrite N fixed. Sterili­
zation of soil before treatment with nitrite prevented 
microbial oxidation of nitrite, but had little effect on 
nitrite decomposition or fixation of nitrite nitrogen. The 
amount of nitrate formed by chemical decomposition of nitrite 
in soils was found to depend upon the method of experimentation. 
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Very Little nitrate was produced when soils were treated with 
nitrite in open systems, but substantial amounts of nitrate 
were formed in closed, aerobic systems. Several experiments 
showed that the rate of nitrite decomposition in soil was 
related to the rate of diffusion of the NO or NO2 formed by 
nitrite decomposition. Chemodenitrification and fixation of 
nitrite N were found to occur readily under conditions commonly 
encountered in the field. 
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SECTION V. GASEOUS PRODUCTS OF NITRITE DECOMPOSITION IN SOILS 
Introduction 
The work reported in the previous section showed that sub­
stantial gaseous loss of nitrite N occurred when nitrite was 
added to soils. The objectives of the work reported in this 
section were to identify and estimate the gaseous products of 
nitrite decomposition in soils and to study some of the factors 
influencing formation of these products. Unless otherwise 
specified, the experimental procedure involved estimation of 
the nitrogenous gases produced by treatment of soils with 
nitrite solution in gas analysis units as described in Section 
III. Since work reported showed that formation of NO by 
nitrite decomposition in soils was detectable only in the com­
plete absence of oxygen (helium atmosphere) and gas chroma­
tographic studies showed that NO was oxidized very rapidly to 
NO2 even in systems containing low levels of oxygen, the 
analyses for NO + NO2 reported can be regarded as analyses for 
NO2 except where they were performed after treatment of soils 
with nitrite in the complete absence of oxygen (Table 20), 
Factors Affecting Formation of Nitrogenous Gases 
Soil properties 
Table 19 shows results obtained in a study of the nitroge­
nous gases formed when four soils were treated with nitrite 
under aerobic conditions. The data show that nitrite 
Table 19» Nitrogenous gases evolved on treatment of soils with NaN02 solution in 
gas analysis units (25°Go)& 
Soil Recovery of nitrite N (%) 
Treatment As As As , As As 
No. pH % G time (days) nitrite nitrate NO + NO2 N2 N2O Total^ 
10 
1—! m
 
I—1 
1 16 18 39 24 1 97 
2 11 18 44 24 1 97 
3 5 20 47 26 1 98 
11 5.5 4.30 1 11 11 36 38 1 96 
2 3 11 40 42 1 96 
3 2 12 40 42 1 96 
12 6.0 2.25 1 40 7 28 23 1 98 
2 29 8 35 26 1 98 
3 23 8 41 26 1 98 
31 7.0 2.27 1 59 1 20 18 1 98 
2 49 1 26 22 1 98 
3 41 1 29 27 1 98 
^Twenty^gram samples of sterilized soil « 2 mm,) were treated with 6 ml. of 
NaN02 solution containing 8 mg, of nitrite N. Treatments were performed in sealed 
gas analysis units (helium-oxygen atmosphere) with KMnO^ solution in center chamber. 
^Determined by analysis of KMnO^ solutiono 
•^Recovery as (nitrite + nitrate + NO + NO2 + N2 + N20)-N 
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decomposition in these soils led to formation of substantial 
amounts of NO2 and N2 and small amounts of N2O, the largest 
amount of N2 being evolved from the soil with the highest 
organic matter content. The amount of NO2 formed in 3 days was 
inversely related to soil pH, but a substantial amount of NO2 
was produced in the neutral (pH 7) soil. The amount of added 
nitrite N recovered as nitrate increased with decrease in soil 
pH, and the total recovery of added N as (nitrite + nitrate + 
NO + NO2 + N2 + N20)-N was almost quantitative (the amount of 
added N fixed was not determined). The data obtained indicate 
that NO2 and N2 are the major gaseous products of nitrite 
decomposition in soils and that the relative amounts of NO2 and 
N2 produced by chemodenitrification depend to some extent on 
soil properties* 
Soil atmosphere 
Table 20 shows data obtained in a study of the effect of 
the soil atmosphere on the gaseous products of nitrite decompo­
sition in soil. 
The data obtained with the helium systems (anaerobic 
atmosphere) show that NO, N2, and N2O were detectable when 
potassium permanganate solution was absent; and that, although 
inclusion of permanganate solution to absorb NO and NOo pro­
moted nitrite decomposition, it significantly reduced the 
amount of N2 and N2O detected. The latter finding is of con­
siderable interest, because it indicates that NO formed by 
Table 20.  Effects of soil atmosphere and permanganate solution on nitrite transfor-
mations in Pershing soil treated with NaNOo solution in gas analysis units 
(230C.)a 
Recovery of nitrite : N (%) 
Permanga­ Ireatment 
Soil nate time As As As As As As 
atmosphere solution (days) nitrite nitrate NO + NOgO NO^ NgOC Total^ 
Helium 1 47 7 5 33 5 98 
2 41 7 - 6 37 6 97 
3 38 8 - 6 39 6 97 
Helium + 1 19 11 47 0 21 1 98 
2 10 11 51 0 26 1 98 
3 6 12 53 0 26 1 97 
Helium- 1 20 54 0 23 1 97 
oxygen 2 13 58 - 0 26 1 97 
3 8 63 
-
0 26 1 97 
Helium- + 1 15 18 39 0 24 1 97 
oxygen 2 11 18 44 0 24 1 97 
3 5 20 47 0 26 1 98 
^Twenty-gram samples of < 2-mm. sterilized soil (no, 10) were treated with 6 ml, 
of NaN02 solution containing 8 mg, of nitrite N„ Treatments were performed in sealed 
gas analysis units (helium or 80% helium-20% oxygen atmosphere). Where effect of 
permanganate solution was studied, KMnO^ solution (5 ml„) was added to center chamber 
of gas analysis unit. 
^Determined by analysis of KMnO^ solution. 
^Determined by gas chromatography. 
•^Recovery as (nitrite + nitrate + NO + NO2 + N2 + N20)-N, 
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nitrite decomposition under anaerobic conditions is reduced 
chemically to N2 and N2O by soil constituents. Gas chroma­
tographic studies confirmed that reduction of NO to N2 did occur 
when NO was injected into a gas analysis unit containing 20 g. 
of moist soil (no. 10) under a helium atmosphere. 
The data for the helium-oxygen systems (aerobic atmosphere) 
show that the amounts of N2 and N2O produced in these systems 
were similar to the amounts produced in the helium-KMnO^. system. 
Inclusion of potassium permanganate solution in the helium-
oxygen system did not have a marked effect on the rate of 
nitrite decomposition or on the amount of N2 and N2O produced, 
but it did greatly reduce the formation of nitrate. It is 
noteworthy that, when potassium permanganate solution was 
present, the amounts of (NO + N02)-N, N2, and N2O produced in 
the helium-oxygen system were similar to the amounts formed in 
the helium system. 
Table 21 gives results obtained in a study of nitrite 
decomposition in closed and open systems (air atmosphere). The 
data show that very little nitrate was produced when soils were 
treated with nitrite in open systems, but that large amounts 
were formed in closed systems. The deduction that use of closed 
systems prevented escape of NO and NO2 formed by decomposition 
of nitrite and led to conversion of these gases to nitrate is 
supported by the finding that very little nitrate was formed in 
closed systems containing potassium permanganate solution, and 
that this solution absorbed a substantial amount of (NO + N02)-N 
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Table 21. Recovery of nitrite N after treatment of soils with 
NaN02 solution in open and closed systems (30OC.)a 
Recovery of nitrite N after 4 days (%) 
As As As 
Soil no. System^ nitrite nitrate NO + N02^ Total' 
10 Closed 3 45 48 
Closed, K 0 9 46 55 
Open 0 8 - 8 
11 Closed 3 22 25 
Closed, K 0 6 54 60 
Open 0 5 - 5 
^Ten-gram samples of sterilized soil (< 2 mm.) were treated 
with 3 ml. of NaNOg solution (1 mg. of nitrite N) in sealed or 
unsealed gas analysis units, 
indicates that center chamber of gas analysis unit con­
tained 5 ml, of KMnOi^ solution. 
^Determined by analysis of KMnO^ solution. 
"^Recovery as (nitrite + nitrate + NO + N02)-N, 
when present in closed systems. 
The results obtained in these studies of the effect of the 
soil atmosphere explain the failure of Smith and Clark (1960) 
and Tyler and Broadbent (1960) to detect NO and NO2 in aerobic 
atmospheres above soils treated with nitrite in closed systems. 
It is evident that NO and NOg produced in such systems are 
converted to nitrate, whereas NO and NO2 formed in open systems 
escape to the atmosphere and are not converted to nitrate. 
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Factors Affecting Formation of Nitric Oxide and Nitrogen Dioxide 
The formation of NO and NO2 by decomposition of nitrite in 
acidic soils is readily explained, because solution studies have 
shown that NO is formed by self-decomposition of nitrite under 
acidic conditions, and it is known that NO is rapidly oxidized 
to NOg under aerobic conditions. It is difficult, however, to 
explain the finding that significant amounts of NO2 are formed 
by decomposition of nitrite in soils having pH values of 6,0 or 
7.0 (Table 19), because solution studies reported in the liter­
ature and in Section IV have shown that self-decomposition of 
nitrous acid is negligible at these pH values. It was decided, 
therefore, to study the effects of soil properties and other 
factors on the formation of NO and NOg by decomposition of 
nitrite in soils. 
Soil properties 
Table 55 (Appendix I) shows data obtained with 30 Iowa 
soils in a study of the effects of soil properties on the 
amount of NO2 formed by treatment of soils with nitrite. 
Multiple correlation analysis of the data (Table 56, Appendix 
I) showed that pH was the major soil factor affecting formation 
of NO2, and that there was a strong negative correlation be­
tween soil pH and the amount of nitrite N converted to NOn. 
The effect of soil pH on formation of NO2 is evident from Table 
22, which shows the averages of the results obtained with soils 
in 4 pH ranges. It is noteworthy that, although soil pH had a 
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very marked effect on the rate of nitrite decomposition, it had 
very little effect on the amount of nitrite N converted to 
nitrate. 
Experimental conditions 
The finding (Table 22) that the amount of nitrite N con­
verted to nitrate by decomposition of nitrite in soils was much 
smaller than the amount converted to NO or NOg has considerable 
significance in evaluation of the importance of the self-
decomposition reaction of nitrous acid in chemodenitrification, 
because, according to the classical equation (3HN02 = 2N0 + 
HNO3 + H2O), the amount of nitrite N converted to nitrate by 
self-decomposition of nitrous acid should be one-half of the 
amount converted to NO, Table 23 gives the results of an 
experiment to determine if this classical equation describes 
the self-decomposition of nitrite in pH 3 buffer solutions The 
data show that the percentage of nitrite N converted to nitrate 
by quantitative decomposition of nitrite in pH 3 buffer so­
lution was as low as 3% when helium was bubbled through the 
nitrite-buffer solution and as high as 98% when this solution 
was stored in a stoppered flask. This indicates that nitrate 
formation is not an integral part of the self-decomposition 
reaction, but results from side reactions of NO or NO2 formed 
by the self-decomposition reaction. This conclusion is sup­
ported by work of Suzawa ej^ al. (1955) which indicated that 
self-decomposition of nitrous acid occurs by the following 
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Table 22. Effects of soil pH on amounts of NO and NO2 evolved 
on treatment of 30 Iowa soils with NaN02 solution 
for 2 days (250C.)^ 
Soils Average recovery of nitrite N (%) 
Number of As As As 
pH range samples nitrite nitrate NO + NO2 Total^ 
4.8-6.0 5 8 6 55 69 
6.1-6.5 9 40 4 41 85 
6.6-7.0 11 57 7 28 92 
7.1-7.8 5 86 2 7 95 
3-Ten-gram samples of sterilized soil «2 mm.) were treated 
with 3 ml. of NaN02 solution containing 1 mg. of nitrite N. 
Treatments were performed in sealed gas analysis units with KMNO^ 
solution in center chamber, 
^Determined by analysis of KMnO^ solution, 
^Recovery as (nitrite + nitrate + NO + N02)-N. 
mechanism: 
HNO2 + H+ = NO"^ + H2O 
HNO2 = H+ + NO2 
N0+ + NO2 = N2O3 
N2O3 = NO + NO2 
2HNO2 = NO + NO2 + H2O 
Use of the latter equation helps to explain many anomalies 
encountered in attempts to describe the self-decomposition of 
nitrous acid by the classical equation (3HN02 = 2N0 + HNO3 + 
H2O) and helps to account for many of the findings in studies 
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Table 23, Amounts of nitrate formed by decomposition of nitrite 
in pH 3 acetate buffer in air and helium systems (250C.)a 
Recovery of nitrite N after 72 hours (%) 
System As nitrite As nitrate 
Air (closed)^ 0 98 
Air (open)c 0 35 
Helium^ 0 3 
^One mg. of nitrite N was added to 20 ml. of pH 3 Na 
acetate buffer (IM) in 50-ml. Erlenmeyer flask, 
bpiask was stoppered. 
cpiask was not stoppered. 
"^Helium was bubbled rapidly through the nitrite-buffer 
solution, 
of the decomposition of nitrite in soils and buffer systems. 
For example, the results obtained in the studies of nitrite 
decomposition in closed and open systems (Tables 21 and 23) can 
be explained as follows. In open (aerobic) systems, the NO and 
NO2 formed by self-decomposition of nitrous acid (2HNO2 = NO + 
NOç + H2O) can escape to the atmosphere and little nitrate is 
formed by oxidation of NO to NO2 and hydration of NO2 during 
diffusion of these gases from the reaction medium. In aerobic, 
closed systems, the NO and NO2 formed by the self-decomposition 
reaction are absorbed by the reaction medium and converted to 
nitrate. The reactions in such systems can be represented as 
follows : 
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mm 2 = 
2N0 + O2 
4NO2 = 
2N2O4 + 2H2O = 
2NO + 2N02 + 2H2O 
2NO2 
2N2O4 
2HN02 + 2HNO3 
2HNO2 +02= 2HNO3 
In anaerobic, closed systems, the NOg formed by the self-
decomposition reaction is converted to nitrate, but, since 
oxygen is absent, the NO formed is not oxidized to NO2 and is, 
therefore, not converted to nitrate. The reactions in such 
systems can be represented as follows: 
4HN02 = 2NO + 2NO2 + 2H2O 
2NO2 = N2O4 
N^O^ + H2O = HNO2 ^ HNO3 
3HN02 = 2NO + HNO3 + H2O 
As noted previously, the amounts of NO2 formed by decompo­
sition of nitrite in soils having pH values between 6 and 7 are 
much larger than the amounts formed in buffer solutions having 
the same pH values. Two explanations of this finding are 
apparent. One is that some of the NO2 formed by decomposition 
of nitrite in soils is produced by reactions of nitrite with 
soil constituents and that these reactions are significant at 
pH values between 6 and 7. The other is that soils having pH 
values between 6 and 7 contain areas of much lower pH (the 
value obtained in determination of soil pH merely reflects the 
average pH of the soil constituents, and it has been shown that 
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the pH at the surfaces of clay particles is much lower than the 
pH of the soil solution around these particles). Since experi­
ments reported in Section VIII show that formation of NO2 by 
decomposition of nitrite in pH 5 buffer solution is not pro­
moted by organic or inorganic soil constituents, it seems 
reasonable to conclude that the latter explanation is valid and 
that most of the NO2 evolved on treatment of neutral or acidic 
soils with nitrite is formed by self-decomposition of nitrous 
acid (2HNO2 = NO + NO2 + H2O) and by atmospheric oxidation of 
the NO produced in this decomposition. 
Although the experiments reported in Tables 19, 20, 21, 
and 22 showed that substantial amounts of NO2 were evolved when 
soils were treated with nitrite in gas analysis units, it seemed 
possible that the alkaline permanganate solution used to absorb 
NO2 in these experiments may have promoted nitrite decomposition 
and evolution of NO2. Experiments to test this possibility 
showed that use of this permanganate solution did slightly in­
crease the rate of nitrite decomposition, but did not signifi­
cantly affect the total amount of nitrite N decomposed or the 
total amount of nitrite N volatilized by treatment of various 
soils with nitrite solution at 25°Go for 4 days. 
Table 24 shows results obtained in a study of the effect 
of passing a stream of air over the surface of soil treated 
with nitrite solution. The data show that the air stream had 
no effect on the rate of nitrite decomposition or on the rate 
of conversion of nitrite to nitrate, but that it contained a 
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Table 24. Effect of passing stream of air over surface of soil 
treated with NaN02 solution (25°C.)^ 
Recovery of nitrite N after 24 hours (%) 
Soil No. Air stream As nitrite As nitrate As NO + N02^ 
10 14 14 
+ 13 14 38 
11 11 12 
+ 12 11 37 
^Twenty-gram samples of sterilized soil «2 mm.) were 
treated with 6 ml. of NaN02 solution containing 8 mg. of nitrite 
N. Sample containers were left open to atmosphere or were 
connected to aeration system and a slow stream of water-satu­
rated air was passed over surface of nitrite-treated sample. 
^Determined by passing air stream from soil through wash 
bottles containing KMnO^ solution and subsequently analyzing 
this solution. 
large amount of NOg after passage over the surface of nitrite-
treated soil. This seems unequivocal evidence that NO2 is a 
major gaseous product of nitrite decomposition in soils. 
Soil depth 
In the experiments thus far reported in this section, the 
experimental procedure involved addition of nitrite to shallow 
(0.5 to 2.0 cm.) layers of soil. It could be argued that the 
substantial evolution of NO2 observed in these experiments will 
not occur with deeper layers of soil, because NO^ will be con­
verted to nitrate before it can escape from deeper layers. 
Table 25 gives results obtained in a study of the effect of 
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Table 25. Effect of depth of nitrite-treated soil sample on 
amounts of NO and NO2 evolved on treatment of soil 
with nitrite solution (30°G.)^ 
Soil 
No. 
Depth of 
nitrite-treated 
soil sample (mm.) 
Recovery of nitrite N after 2 days (%) 
As 
nitrite 
As 
nitrate 
As 
NO + NO2 Total^ 
10 20 0 8 46 54 
45 4 10 27 41 
67 4 10 27 41 
11 20 2 1 54 57 
45 5 0 44 49 
67 9 2 32 43 
23 20 17 0 50 67 
45 23 0 40 63 
67 26 1 34 61 
31 20 31 0 40 71 
45 37 1 28 66 
67 42 1 23 66 
^Ten-gram samples of sterilized soil «2 mm.) were added to 
vials of various diameters containing 3 ml. of NaN02 solution 
( 1 mg. of nitrite N). Vials were then placed upright in 8-oz. 
bottles containing 5 ml. of KMnO^ solution and bottles were 
stoppered and placed in incubator (300C.) for 2 days. 
bRecovery as (nitrite + nitrate + NO + N02)-N. 
soil depth on the amount of NOo evolved on treatment of four 
soils with nitrite solution. The data show that, although in­
crease in soil depth decreased the rate of decomposition of 
nitrite, it did not prevent volatilization of nitrite N as NOg 
and did not increase the amount of nitrate formed by nitrite 
decomposition. Other experiments showed that very little 
nitrate was produced during diffusion of NO or NO2 through moist 
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soil and supported the conclusion that most of the NOg formed 
by nitrite decomposition in soils will escape to the atmosphere. 
Summary and Conclusions 
The work reported showed that substantial amounts of NOn 
and N2 and small amounts of N2O were formed when neutral or 
acidic soils were treated with nitrite, the largest amount of 
N2 being formed in an acidic soil having a high organic matter 
content. The amount of NO2 produced was inversely proportional 
to soil pH, but significant amounts of NOg were evolved from 
soils having pH values greater than 7. The current assumption 
that NO2 formed by chemical decomposition of nitrite in soils 
is converted to nitrate and does not escape to the atmosphere 
was shown to be invalid. The failure of several investigators 
to detect NO2 as a product of nitrite decomposition in acidic 
soils was shown to be due to use of closed experimental systems 
that promoted absorption of this gas by moist soil and con­
version of NO2 to nitrate. A study of the self-decomposition 
reaction of nitrous acid showed that, under aerobic conditions, 
this reaction did not proceed as indicated by the classical 
equation SHNOg = 2N0 + HNO^ + H2O and was better represented by 
the equation 2HN02 = NO + NO2 + ^2^* Several experiments indi­
cated that most of the NO2 evolved on treatment of neutral or 
acidic soils with nitrite is formed by self-decomposition of 
nitrous acid and by atmospheric oxidation of the NO produced in 
this decomposition. 
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SECTION VI. REACTIONS OF NITRITE WITH INORGANIC MATERIALS 
Introduction 
The objective of the work reported in this section was to 
assess the role of inorganic soil constituents in nitrite 
transformations in soils. The reactions of nitrite with soil 
minerals, metallic cations, ammonium, and hydroxylamine were 
investigated. Since pH has an important effect on nitrite 
decomposition, studies of these reactions were performed using 
pH 5 sodium acetate buffer as the reaction medium^ This buffer 
was selected because it gave better control of pH than other 
buffers tested and because self-decomposition of nitrous acid 
is slow at pH 5o 
Reactions of Nitrite with Minerals 
Table 26 gives the results of a study of the effects of 
various minerals and other inorganic materials (manganese 
dioxide, cupric oxide^ and alumina) on the decomposition of 
nitrite in pH 5 acetate buffer. The data show that none of the 
inorganic materials investigated reacted with nitrite under the 
conditions of the study. Since the materials used included the 
primary and secondary minerals believed to constitute the bulk 
of the mineral material in soils, the results of this study 
indicate that nitrite decomposition and chemodenitrification in 
soils are not promoted by soil minerals. 
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Table 26» Effects of various inorganic materials on recovery 
of nitrite N added to pH 5 buffer solution (25°C.)& 
Inorganic material^ 
Recovery of nitrite N after 24 hours (%) 
As nitrite As nitrate 
- (89 2 (3 + 1)C 
Manganese dioxide 89 3 
Cupric oxide 89 0 
Alumina 89 1 
Hematite 89 2 
Magnetite 91 1 
Gibbsite 89 2 
Diaspore 90 1 
Goethite 89 2 
Calcite 91 1 
Dolomite 89 1 
Milky quartz 90 4 
Quartz sand 89 2 
Zircon 89 2 
Epidote 89 3 
Microcline 89 2 
Pyrophyllite 89 2 
Biotite 88 1 
Pyroxene 2 ^ 
Kaolinite (4) 89(89)d 1(2)4 
Metabentonite (38) 89(89)d 1(1)4 
Montmorillonite (26) 90(89)d 0(1)4 
Montmorillonite (27) 89(88)d 1(2)4 
Illite (no, 35) 88(87)4 3(3)4 
Vermiculite 88(88)4 3(4)4 
&One mg, of nitrite N (as NaNOgO was added to 20 ml. of pH 
5 Na acetate buffer (0,5M) containing 100 mg. of inorganic ma­
terial specified, and mixture was shaken slowly for 24 hours. 
^Numbers in parentheses are sample reference numbers 
(Ward's Natural Science Establishment). 
^Control analyses (no material). 
^Values in parentheses are recoveries obtained with 4 g. 
of inorganic material. 
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Reactions of Nitrite with Metallic Cations 
Table 27 gives data obtained in a study of the effects of 
metallic cations on the decomposition of nitrite in pH 5 buffer 
solution. The data show that, of the various metallic cations 
tested, only Gu(I), Fe(II), and Sn(II) ions promoted nitrite 
decomposition. Literature reviewed by Sneed and Brasted (1956) 
indicates that nitrous acid can oxidize stannous and ferrous 
ions. An examination of the standard electrode potentials of 
various metallic cation-nitrous acid couples as calculated from 
data of Latimer (1938) and Chao and Kroontje (1963) indicates 
that the following reactions are thermodynamically possible: 
E°, volts 
2HN02 + Sn2 + + 2H^ = 2N0 + Sn4+ + 2H2O + 1. 83 
HN02 + Fe2+ + I
I 
+
 NO + Fe^^ + H^O + 0. 22 
HN02 + Gu"^ + NO + Cu^* + 
0
 CM + 0. 84 
Since an examination of the standard oxidation potentials 
of manganese and aluminum ions indicated that these ions cannot 
reduce nitrite, it is difficult to account for Wullstein and 
Gilmour's (1964) finding than manganese and aluminum ions pro­
moted decomposition of nitrite in acidic solutions. 
The reactions of nitrite with ferrous, cuprous, and 
stannous ions were not studied in^any detail, but tests showed 
that less than 50% of the nitrite N decomposed in these re­
actions could be recovered as (NO + N02)-N. This indicates 
that these reactions lead to conversion of nitrite to N2 or N2O 
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Table 27. Effects of various metal ions on recovery of nitrite 
N added to pH 5 buffer solution (25°C.)& 
Metal 
ion 
Concentration 
of metal ion 
(ppm,) 
Recovery of nitrite N after 24 hours (%) 
As nitrite As nitrate 
(89 + l)b (3 + l)b 
Mn++ 1372 88 2 
Zn++ 1632 91 2 
Ni++ 1468 91 2 
Cu++ 1588 86 3 
Cu+ 1588 15 4 
Fe+++ 1396 89 3 
1396 4 1 
CO++ + 1472 85 3 
A1+ + " 674 89 3 
Sn++ 2970 5 3 
Ca++ 1000 89 4 
Mg++ 609 88 2 
^One mg. of nitrite N (as NaN02) was added to 20 ml. of pH 
5 Na acetate buffer (0.5M) which was 0.025M with respect to metal 
specified, and mixture was shaken slowly for 24 hours. 
^Control analyses (no metal). 
or involve formation of stable complexes in which nitrite is 
coordinated with metal ions. According to Sneed and Brasted 
(1955), nitrite can form coordination complexes with Co^*, Fe^^, 
Gr^"*", Cu^^, and Pt^^ ions. 
Although the work reported in Table 27 showed that ferrous, 
cuprous, and stannous ions can promote nitrite decomposition, 
the concentrations of these ions (0.025M) were much higher than 
the concentrations likely to occur in soil solutions. A study 
of the effect of metal ion concentration on the decomposition 
of nitrite in pH 5 buffer solution (Table 28) showed that 
Table 28. Effect of metal ion concentration on recovery of nitrite N added to pH 5 
buffer solutions containing ferrous, cuprous, and stannous ions (250G.)& 
Metal 
Metal ion concentration Recovery of nitrite N after 24 hours (%) 
ion Molarity Ppm. As nitrite As nitrate 
- - -
(89 + l)b (3 + 1)^ 
0.025 1396 4 1 
0.005 276 32 0 
0.001 56 81 0 
0.0004 22 89 0 
Cu+ 0.025 1588 15 4 
0.005 318 71 2 
0.001 64 90 1 
0.025 2970 5 3 
0.005 594 39 4 
0.001 118 81 1 
0.0004 47 86 0 
0.0002 24 89 0 
^One mg„ of nitrite N (as NaN02) was added to 20 ml. of pH 5 Na acetate buffer 
(0,5M) which, contained specified concentration of metal ion (as metal chloride), 
and mixture was shaken for 24 hours, 
^Control analyses (no metal ion). 
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ferrous, cuprous, and stannous ions did not decompose nitrite 
when their concentrations were reduced to 22, 64, and 24 ppm., 
respectively. 
Table 29 gives the results of analyses to determine the 
amounts of copper, manganese, iron, and aluminum extracted from 
eight Iowa soils by shaking with IM NaCl. (These analyses were 
performed by the Analytical Laboratory, Tennessee Valley Au­
thority.) The data show that there was no copper and very 
Table 2 9. Amounts of Cu, Mn, fe, and A1 extracted from various 
soils by IN NaCl^ 
Amount extracted (ppm. of soil) 
Soil no. Cu Mn Fe AI 
8 0 80 0 13 
10 0 70 4 94 
11 0 36 7 7 
13 0 13 3 5 
18 0 21 4 4 
29 0 5 7 3 
31 0 29 3 5 
32 0 8 2 2 
^Extraction 
IN NaCl (100 ml.) 
was performed by 
for 60 min. 
shaking soil (20 g.) with 
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little iron in NaCl extracts of these soils. 
In view of the results reported in Tables 26-28, it seems 
very unlikely that chemodenitrification in soils is promoted by 
metallic cations as postulated by Wullstein and Gilmour (1964). 
There is no evidence in the literature for the occurrence of 
ferrous, cuprous, or stannous ions in well-aerated soils. Sig­
nificant concentrations of ferrous ions have been detected in 
waterlogged soils, but chemodenitrification has thus far been 
observed only in well-aerated soilso 
It is difficult to explain Wullstein and Gilmour's (1964) 
findings that extraction of kaolinite and an Oregon soil with 
IM NaCl reduced the amount of NO produced when these materials 
were treated with nitrite and that the NaCl extracts contained 
metal ions which promoted decomposition of nitrite. To check 
their findings, five Iowa soils were extracted with IM NaCl and 
the reactions of the extracts and extracted soils with nitrite 
were compared with those of the unextracted soils. The results 
(Table 30) showed that extraction of these soils with IM NaCl 
did not decrease their ability to decompose nitrite, and that 
the extracts did not contain any material which promoted 
decomposition of nitrite. These findings are in direct con­
flict with the findings reported by Wullstein and Gilmour 
(1964). A possible explanation of this divergence is that the 
reactions observed by Wullstein and Gilmour were due to pH 
changes in their reaction systems, because they did not use 
buffered systems. 
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Table 30, Recovery of nitrite N added to pH 5 buffer containing 
soils, soil extracts, and extracted soils (25°G.)^ 
Soil 
Soil 
material 
in buffer^ 
Recovery of nitrite N after 24 hours (%) 
No. % C As nitrite As nitrate 
— — -
(89 t l)c (3 ± 1)C 
29 8.9 S 55 3 
SE 88 3 
ES 55 3 
11 4.3 S 68 1 
SE 88 0 
ES 68 1 
32 3.4 S 79 0 
SE 89 2 
ES 79 2 
00 1—1 o
 
1—
1 
S 82 3 
SE 89 1 
ES 82 4 
13 0.3 S 86 3 
SE 89 3 
ES 87 2 
aOne mg. of nitrite N (as NaN02) was added to 20 ml. of 
pH 5 Na acetate buffer (0.5M) containing 4 g. of soil, IN NaCl 
extract of 4 g. of soil (8 ml. of extract), or residue from IN 
NaCl extraction of 4 g, of soil. Mixtures were shaken slowly 
for 24 hours. 
^S, soil; SE, IN NaCl extract of soil; ES, residue from 
IN NaCl extraction of soil. NaCl extracts used were obtained 
by shaking soils with IN NaCl (2 ml./g. of soil) for 60 min. 
and filtering resulting suspensions. Extracted soils used were 
residues from these filtrations washed thoroughly with water 
^Control analyses (no soil material). 
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The finding in the work reported in Table 30 that the amount 
of nitrite decomposed by treatment of soils with nitrite at pH 5 
for 24 hours increased with increase in soil carbon content is 
further evidence that soil organic matter promotes nitrite 
decomposition in acidic soils. 
Reactions of Nitrite with Inorganic Nitrogen Compounds 
Reactions in buffer solutions 
Table 31 shows results obtained in a study of the effects 
of ammonium, nitrate and hydroxylamine on the decomposition of 
nitrite added to pH 5 buffer solution. The data show that, 
under the conditions of this study, nitrite did not react with 
ammonium or nitrate, but did react very readily with hydroxy1-
amine. Gas chromatographic studies showed that N2O and some No 
were produced in the reaction of nitrite with hydroxylamine. 
Table 32 shows results obtained in a study of the effects 
of pH and of ammonium and nitrite concentration on the reaction 
of nitrite with ammonium (ammonium nitrite decomposition re­
action). Some reaction was observed at pH values less than pH 7, 
but only when the concentrations of ammonium N and nitrite N 
were very high (1667 ppm.). It seems very unlikely, therefore, 
that reaction of ammonium with nitrite occurs to any significant 
extent in moist soils. 
Reactions in soil 
A study of the effect of ammonium on nitrite decomposition 
in soils (Table 33) indicated that no reaction of ammonium with 
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Table 31. Effects of inorganic nitrogen compounds on recovery 
of nitrite N added to pH 5 buffer solution (250C.)& 
Recovery of nitrite N after 24 hours (%) 
Compound As nitrite As nitrate 
-
(89 ± l)b (3 ± l)b 
Ammonium sulfate 88 3 
Ammonium chloride 89 2 
Potassium nitrate 88 2 
Sodium nitrate 89 3 
Hydroxylamine-
hydrochloride 0 3 
Hydroxylamine-
sulfate 0 2 
&One mg. of nitrite N (as NaN02) was added to 20 ml. of 
pH 5 Na acetate buffer (0.5M) which was 0.025M with respect to 
compound specified, and mixture was shaken slowly for 24 hours, 
bControl analyses (no compound). 
nitrite occurred when acidic, neutral, or alkaline soils treated 
with ammonium and nitrite were incubated for several days. 
Table 34 shows results obtained in a study of the effects 
of air-drying on the reactions of nitrite with ammonium and 
hydroxylamine in soils. The data show that, although ammonium 
nitrite decomposition did not occur in undried soils, it did 
occur when neutral and alkaline soils were air-dried. It is 
evident, however, that loss of nitrite N by ammonium nitrite 
decomposition during air-drying of neutral and alkaline soils 
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Table 32. Effect of ammonium on decomposition of nitrite in 
acetate buffer solution (30°C.)^ 
Buffer solution 
Nitrite N Ammonium N Recovery of nitrite N 
pH (ppm.) (ppm.) after 2 days (%) 
4 333 0 10 
333 333 9 
5 333 0 90 
333 333 89 
6 333 0 96 
333 333 95 
7 333 0 97 
333 333 97 
8 333 0 99 
333 333 99 
k 1667 0 10 
1667 1667 6 
5 1667 0 84 
1667 1667 80 
6 1667 0 98 
1667 1667 95 
7 1667 0 99 
1667 1667 97 
8 1667 0 100 
1667 1667 99 
&Two ml. of NaN02 solution containing 1 or 5 mg, of nitrite 
N or 2 ml. of solution containing 1 or 5 mg. of both nitrite N 
(as NaN02) and ammonium N (as ammonium sulfate) were added to 
1 ml. of IM Na acetate buffer solution. 
was not as extensive as loss of nitrite N by other reactions. 
Extensive loss of nitrite occurred when acidic soils treated 
with nitrite and ammonium were air-dried, but there was no 
apparent loss of nitrite through the reaction with ammonium. 
The finding that air-drying of quartz sand led to extensive loss 
of nitrite N through reaction of nitrite with ammonium supports 
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Table 33. Recovery of nitrite N after treatment of soils with 
nitrite or nitrite-ammonium solution for various 
times (250G.)a 
Soil 
Treatment 
time (days) 
Recovery of nitrite N (%)^ 
No. PH _ N NA 
1 4.8 1 29 29 
2 11 11 
5 3 3 
4 6.9 1 95 95 
2 90 91 
5 79 79 
36 7.7 1 98 98 
2 97 97 
5 95 95 
aFive-gram samples of sterilized soil «2 mm.) were treated 
with 2 ml. of solution containing 1 mg. of nitrite N (as NaN02) 
or with 2 ml. of solution containing 1 mg. of nitrite N (as 
NaNOo) and 2.5 mg. of ammonium N (as ammonium sulfate). Treated 
samples were incubated in vials covered with 1.5 mil polyethyl­
ene film for 1, 2, and 5 days. 
t>N, soil was treated with nitrite solution; NA, soil was 
treated with nitrite-ammonium solution. 
other evidence that ammonium nitrite decomposition occurs most 
readily during air-drying of sandy soils. 
Experiments involving nitrogen isotope-ratio analysis of 
the N2 produced when neutral and alkaline soils containing N^^-
enriched ammonium and unenriched nitrite were air-dried showed 
that this N2 was formed by reaction of ammonium with nitrite 
(NH4 + NO2 = N2 + 2H2O). Also, occurrence of this reaction was 
demonstrated by analyses for ammonium and nitrite before and 
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Table 34. Recovery of nitrite N after incubation and after air-
drying of materials treated with nitrite, nitrite-
ammonium, or nitrite-hydroxylamine solution^ 
Material 
Solution added 
to material^ 
Recovery of nitrite N (%) 
After incubation After air-drying 
Soil 10 N 53 0 
(pH 5.1) NA 52 0 
NH 2 0 
Soil 20 N 69 19 
(pH 6.5) NA 68 13 
NH 4 1 
Soil 36 N 99 69 
(pH 7.7) NA 99 42 
NH 26 7 
Sand N 99 98 
(pH 6.8) NA 99 2 
NH 0 0 
^Ten-gram samples of sterilized soil «2 mm.) or quartz 
sand «0.5 mm.) were treated with 4 ml. of solution containing 
2 mg. of nitrite N (as NaN02), 2 mg. of nitrite N and 5 mg. of 
ammonium N (as ammonium sulfate), or 2 mg. of nitrite N and 5 
mg. of hydroxylamine N (as hydroxylamine hydrochloride). After 
treatments, samples were air-dried (3 days; 25^0.; 50% relative 
humidity) or were incubated at 25°C. for 2 hours (soil 10) or 
for 48 hours (soil20, soil 36, and sand). 
t'N, nitrite solution; NA, nitrite-ammonium solution; NH, 
nitrite-hydroxylamine solution. 
88 
after air-drying. 
The data in Table 34 show that incubation or air-drying 
of soils treated with nitrite and hydroxylamine leads to rapid 
decomposition of nitrite. However, since hydroxylamine has 
not been detected in soils or identified unequivocally as an 
intermediate in nitrification of ammonium, it seems unlikely that 
the reaction of nitrite with hydroxylamine has much significance 
in chemodenitrification. 
Factors affecting ammonium nitrite decomposition 
Table 57 (Appendix I) shows the results of a study of the 
effect of ammonium on nitrite decomposition during air-drying 
of 27 Iowa soils treated with nitrite and ammonium. The aver­
ages of the results obtained with soils in 4 pH ranges are given 
in Table 35, It can be seen that no reaction of nitrite with 
ammonium occurred in soils having pH values below 6.5, but that 
ammonium nitrite decomposition did occur in neutral and alkaline 
soils. It is noteworthy that the amount of nitrite N lost by 
ammonium nitrite decomposition during air-drying of soils was 
usually very small compared with the amount lost by other 
nitrite decomposition reactions, and that the largest loss of 
nitrite N by ammonium nitrite decomposition occurred with alka­
line, light-textured (sandy) soils. 
A study of the effect of pH on ammonium nitrite decompo­
sition during air-drying of a light-textured soil (Table 36) 
showed that ammonium nitrite decomposition did not occur at pH 
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Table 35, Effect of soil pH on recovery of nitrite N after 
air-drying of 27 Iowa soils treated with nitrite or 
nitrite-aramoniijm solutions-
Soils Average recovery of nitrite N (%)^ 
Number of 
pH range samples N NA 
5.1-6.0 3 1 1 
6.1-6.5 9 12 11 
6.6-7.0 10 26 20 
7.1-7.8 5 61 48 
^Three-gram samples of sterilized soil (<80 mesh) were 
treated with 1 ml. of NaN02 solution containing 600 jag. of 
nitrite N or with 1 ml. of solution containing 600 jag. of 
nitrite N (as NaN02) and 600 jag. of ammonium (as ammonium 
sulfate). Treated samples were air-dried (3 days; 25°C. ; 50% 
relative humidity), 
^N, soils were treated with nitrite solution; Na, soils 
were treated with nitrite-ammonium solution. 
values less than 7, but was quite extensive at pH 7 and at pH 
values above 7. It is noteworthy that, with the light-textured 
soil used in this study, the amount of nitrite N lost by 
ammonium nitrite decomposition during air-drying at pH values 
greater than 7 was much larger than the amount lost by other 
nitrite decomposition reactions» 
Table 37 shows results obtained in a study of the effect of 
CaCO^ pretreatment of soil on the recovery of nitrite N after 
air-drying of soils treated with nitrite or nitrite-ammonium 
solution. The data show that pretreatment of acidic soils with 
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Table 36, Effect of pH of soil sample on recovery of nitrite N 
after air-drying samples of Nicollet soil treated 
with nitrite or nitrite-ammonium solution^ 
Recovery of nitrite N (%)^ 
pH of 
soil sample N NA 
5.1 0 0 
6.0 2 1 
7.0 56 16 
8.3 88 35 
9.1 95 15 
^•Four-gram samples of Nicollet soil (no. 6) were leached 
with 0.05N HCl and water, and leached samples (pH 3,5) were 
brought to different pH values by addition of 0.2N KOH. Samples 
were then air-dried, ground to pass a 2-mm, sieve, treated with 
2 ml. of NaN02 solution containing 1 mg. of nitrite N or with 
2 ml, of solution containing 1 mg, of nitrite N (as NaN02) and 
5 mg. of ammonium N (as ammonium sulfate), and air-dried (2 
days; 25°C.; 65% relative humidity). 
^N, soil was treated with nitrite solution; NA, soil was 
treated with nitrite-ammonium solution. 
CaCOg to increase their pH increased the amount of nitrite N 
volatilized by ammonium nitrite decomposition during air-drying, 
but decreased the total amount of nitrite N volatilized. The 
most extensive loss of nitrite N by ammonium nitrite decompo­
sition during air-drying occurred with a sandy soil (no. 26) 
amended with CaCO^. 
Experiments reported in Table 38 showed that soil sterili­
zation had no effect on ammonium nitrite decomposition during 
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Table 37. Effect of CaCO^ pretreatment of soil on recovery of 
nitrite N after air-drying of soils treated with 
nitrite or nitrite-ammonium solution 3. 
Soil sample Recovery of nitrite N (%)^ 
CaCOs 
No. pretreatment pH N NA 
10 5.1 1 0 
10 4- 7.2 46 24 
12 6.0 3 2 
12 + 7.4 55 27 
26 6.8 14 2 
26 + 7.7 45 3 
^Five-gram samples of sterilized soil (< 2 mm.) were 
treated with 2 ml. of NaN02 containing 1 mg. of nitrite N or 
with 2 ml. of solution containing 1 mg. of nitrite N (as 
NaN02) and 5 mg. of ammonium N (as ammonium sulfate). Treated 
samples were air-dried (3 days; 23°C.; 50% relative humidity). 
^In pretreatment, a 5-g. sample of sterilized soil (< 2 
mm.) mixed with 0.05 g. of CaCOg and 1 ml. of water was placed 
in refrigerator (5°C.) for 1 month and subsequently air-dried 
(25°G.; 3 days; 50% relative humidity). 
soil sample was treated with nitrite solution; NA, 
soil sample was treated with nitrite-ammonium solution. 
air-drying of soils treated with ammonium and nitrite. 
Studies of the effect of ammonium and nitrite concen­
tration on ammonium nitrite decomposition during air-drying of 
soils showed that ammonium nitrite decomposition was promoted 
by increase in concentration of nitrite and ammonium, but did 
occur in neutral and alkaline soils containing 10 ppm. of 
nitrite N and 50 ppm. of ammonium N. 
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Table 38. Recovery of nitrite N after air-drying of sterilized 
and unsterilized soils treated with nitrite or 
nitrite-ammonium solution^ 
Soil Recovery of nitrite N (%)^ 
No. Sample^ N NA 
4 U 22 15 
S 22 15 
5 U 56 49 
S 58 52 
36 U 50 26 
S 50 27 
^Five-gram samples of soil (< 2 mm.) were treated with 
2 ml. of NaNOn solution containing 1 mg. of nitrite N or with 
2 ml. of solution containing 1 mg. of nitrite N (as NaN02) and 
2.5 mg. of ammonium N (as ammonium sulfate). Treated samples 
were air-dried (2 days; 25°C.; 50% relative humidity). 
^N, soil was treated with nitrite solution; NA, soil was 
treated with nitrite-ammonium solution. 
^U, unsterilized; S, sterilized. 
Summary and Conclusions 
The work reported in this section indicates that inorganic 
soil constituents do not promote nitrite decomposition in soils 
and are not involved in reduction of nitrite to N2 and N2O or 
fixation of nitrite nitrogen. No reactions promoting nitrite 
decomposition were observed in studies of the effects of soil 
minerals on the decomposition of nitrite in buffer solution, 
and investigations of the reactions of nitrite with ammonium 
and metallic cations provided no support for theories that these 
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réactions promote chemodenitrification in soils. Of various 
metallic cations tested, only ferrous, cuprous, and stannous 
ions in high concentrations promoted nitrite decomposition. No 
reaction between ammonium and nitrite could be detected in moist 
soils, but ammonium nitrite decomposition was observed when 
neuLral and alkaline soils containing ammonium and nitrite were 
air-dried. Ammonium nitrite decomposition on air-drying of 
soils treated with nitrite and ammonium was promoted by in­
crease in soil pH and reactant concentration, and was most 
evident with light-textured, alkaline soils. Hydroxylamine was 
found to react very rapidly with nitrite in soils and buffer 
solutions, but it seems unlikely that this reaction is im­
portant in chemodenitrification. 
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SECTION VII. REACTIONS OF NITRITE WITH ORGANIC MATERIALS 
Introduction 
The work reported in previous sections provided evidence 
that organic soil constituents promote nitrite decomposition in 
soils and are largely, if not entirely, responsible for the 
reduction of nitrite to N2 and NgO and the fixation of nitrite 
N observed on treatment of soils with nitrite. The objectives 
of the work reported here were to further evaluate the role of 
organic soil constituents in volatilization and fixation of 
nitrite N and to elucidate the mechanisms of the reactions of 
nitrite with soil organic matter. 
Effects of Soil Pretreatments on Nitrite Decomposition 
Table 39 shows results obtained in a study of the effects 
of various soil pretreatments on nitrite decomposition by soils 
in pH 5 buffer solution. The data show that soils promote 
nitrite decomposition at pH 5 and that their ability to do so 
increases with increase in their organic matter content. They 
also show that the ability of soil to promote nitrite decompo­
sition is decreased by pretreatment with 0.5M NaOH, which 
effects partial removal of organic matter, and is completely 
destroyed by pretreatments that effect practically quantitative 
removal of organic matter (heating at 700^0. and treatment with 
KOBr-KOH solution). The finding that pretreatment with cold 
HF-HGl solution or hot 6N HCl increased the ability of soil to 
95 
Table 39. Effects of soil pretreatments on recovery of nitrite 
N added to soils buffered at pH 5 (25°C.)^ 
Soil Recovery of nitrite N after 24 hours (%) 
No, % C Pretreatment^ As nitrite As nitrate 
- - -
(89 + 1)C (3 + 1)C 
3 27.1 0 20 6 
A 90 1 
E 72 6 
H 1 18 
29 8.9 0 55 3 
A 89 2 
E 81 3 
H 5 10 
K 89 3 
F 45 5 
11 4.3 0 68 1 
A 89 3 
H 25 7 
32 3.4 0 79 0 
A 90 2 
^One mg. of nitrite N (as NaN02) was added to 20 ml. of pH 
5 Na acetate buffer (0.5M) containing 4 g. of soil or residue 
from pretreatment of 4 g. of soil; mixture was shaken slowly for 
24 hours. 
^0, none; A, soil was heated at 700°C. for 4 hours; E, soil 
was extracted twice with 0,5M NaOH (50 ml./g, of soil) and resi­
due was separated by centrifugation and washed with pH 5 Na 
acetate buffer (IM); H, soil was boiled under reflux with 6N HGl 
(3 ml./g. of soilT for 12 hours and hydrolysis residue was sepa­
rated by filtration and washed with water and pH 5 Na acetate 
buffer (IM); K, soil was treated with KOBr-KOH solution as in 
procedure used for removal of organic matter in Silva-Bremner 
(1966) method of determining fixed ammonium in soils; F, soil 
was extracted twice with IN HF: IN HCl (50 ml./g. of soil) and 
residue was separated by centrifugation and washed with water 
and pH 5 Na acetate buffer (IM). 
^Control analyses (no soil). 
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Table 39. (Continued) 
Soil Recovery of nitrite N after 24 hours (%) 
No. % C Pretreatment^ As nitrite As nitrate 
10 1.8 0 82 3 
A 88 3 
13 0.3 0 86 3 
A 89 2 
decompose nitrite indicates that the organic soil constituents 
involved in nitrite decomposition are associated with silicate 
minerals removed by HF-HCl solution and that they are not 
hydrolyzable substances such as proteins or carbohydrates» 
Reactions of Nitrite with Amino Compounds 
The reactions of various amino compounds with nitrite were 
investigated, because, as noted in Section II, several workers 
have suggested that nitrite decomposition in soils is promoted 
by reactions of nitrite with amino acids or other compounds 
containing free amino groups (RoNHg + HNO2 = R-OH + N2 + HgO). 
Reactions in buffer solutions 
Table 40 gives the results of a study of the reactions of 
nitrite with amino compounds and with other nitrogenous compounds 
in pH 5 buffer solution. The data show that, under the con­
dition of this study, there was no reaction between nitrite and 
the compounds that did not contain free amino groups (uracil, 
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Table 40. Recovery of nitrite N added to pH 5 acetate buffer 
containing nitrogenous compounds (25°C.)^ 
Recovery of nitrite N after 24 hours (%) 
Nitrogenous compound^ As nitrite As nitrate 
( 8 9  +  1 ) C  ( 3  +  i ) C  
Amino acids: 
Lysine (A) 86 3 
Alanine (A) 8 9 1 
Aspartic acid (A) 87 3 
Amino sugars : 
Glucosamine (A) 70 8 
Galactosamine (A) 74 2 
Amides : 
Acetamide (A) 87 3 
Urea(A) 88 6 
Asparagine (A) 88 3 
Pyrimidines: 
Uracil (B) 86 0 
Thymine (B) 88 0 
Gytosine (A) 75 0 
Purines ; 
Adenine (A) 82 1 
Guanine (A) 81 1 
Hypoxanthine (B) 86 3 
^One mg. of nitrite N (as NaN02) was added to 20 ml, of pH 
5 Na acetate buffer (0.5M) which was 0.025M with respect to 
nitrogenous compound specified; mixture was ahaken slowly for 
24 hours. 
^(A), contains free amino group; (B), does not contain 
free amino group. 
^Control analyses (no nitrogeneous compound). 
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Table 40. (Continued) 
Recovery of nitrite N after 2k hours (%) 
Nitrogenous compound^ As nitrite As nitrate 
Miscellaneous : 
N-Acetyl glucosamine (B) 88 
88 
90 
89 
86 
3 
2 
0 
2 
4 
Creatine (B) 
Ethanolamine (A) 
Choline (B) 
Allantoin (A) 
thymine, hypoxanthine, N-acetyl glucosamine, creatinine, 
choline) and that only 5 of the 13 amino compounds tested re­
acted significantly with nitrite (glucosamine, galactosamine, 
cytosine, adenine, guanine). Since current knowledge indicates 
that only 1-2% of the total N in soils is in the form of 
pyrimidine and purine derivatives, the finding that cytosine, 
adenine, and guanine reacted slowly with nitrite at pH 5 would 
appear to have little significance in relation to chemode-
nitrification. The fact that glucosamine and galactosamine 
were the most reactive of the amino compounds tested has some 
significance, because it is known that 5-10% of the total N in 
most soils is in the form of these two amino sugars. However, 
there is no evidence that a significant amount of the amino 
sugar N in soils occurs as free amino N. 
Table 41 gives the results of a study of the effect of pH 
on the reactions of nitrite with alanine and urea in buffer 
solutions. It can be seen that nitrite reacted with alanine at 
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Table 41. Recovery of nitrite N added to buffer solutions 
containing alanine or urea (25°C.)a 
Buffer solution Recovery of nitrite N after 2 days (%) 
pH Alanine Urea As nitrite As nitrate Totalb 
4 10 57 67 
4 + — 5 34 39 
4 — + 8 62 70 
5 45 44 90 
5 + — 21 31 52 
5 — + 41 44 85 
5 91 7 98 
6 + — 62 28 90 
5 + 90 10 100 
7 98 2 100 
7 + 98 2 100 
7 — + 98 2 100 
8 99 1 100 
8 4- — 98 2 100 
8 — + 99 1 100 
^One ml. of NaN02 solution containing 1 mg. of nitrite N 
was added to 2 ml. of 0.5M Na acetate buffer or to 2 ml. of 
0.5M Na acetate buffer containing 5 mg. of N as urea or 
alanine. Mixtures were incubated in glass vials covered with 
1 mil polyethylene film for 2 days. 
^Recovery as (nitrite + nitrate)-N. 
pH values below 7, but there was no reaction between nitrite 
and urea at any of the pH values studied. The finding that 
alanine reacted with nitrite at pH 5 under the conditions of 
this study but did not react under the conditions of the study 
reported in Table 40 confirms previous evidence (Allison e± aJ-. , 
1952) that the reaction of amino acids with nitrite is greatly 
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affected by the concentration of the reactantSo 
A study of the effects of alanine and urea on loss of 
nitrite N by evaporation of nitrite solutions buffered at 
various pH values (Table 42) showed that nitrite did not react 
with alanine or urea under any of the conditions studied. The 
finding that alanine did not promote nitrite decomposition in 
these evaporation experiments, but did promote nitrite decompo­
sition in the incubation experiments reported in Table 41, is 
Table 42. Recovery of nitrite N after evaporation of buffer 
solutions containing nitrite, nitrite and alanine, 
or nitrite and urea 
Buffer solution Recovery of nitrite N (%) 
pH Alanine Urea As nitrite As nitrate Totalb 
4 0 11 11 
4 + 0 11 11 
4 + 1 12 13 
5 8 30 38 
5 + 6 28 34 
5 — + 8 29 37 
6 76 10 86 
6 + 72 12 84 
6 — + 75 10 85 
7 94 5 99 
7 + — 94 5 99 
7 — 4- 95 4 99 
^One ml. of NaN02 solution containing 1 mg. of nitrite N 
was added to 2 ml. of 0.5M Na acetate buffer or to 2 ml. of 
0.5M Na acetate buffer containing 1 mg. of N as urea or alanine. 
Mixtures were evaporated to dryness at 25°C. 
^Recovery as (nitrite + nitrate)-N. 
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explicable on the grounds that the concentration of alanine in 
the incubation experiments was five times as high as in the 
evaporation experiments. 
Reactions in soils 
Table 43 gives results obtained in studies of the reactions 
of nitrite with alanine, urea, and glucosamine in soils. The 
data show that alanine and urea did not significantly promote 
nitrite decomposition during incubation or air-drying of acidic, 
neutral, or alkaline soils, but that glucosamine promoted 
nitrite decomposition during incubation of acidic and neutral 
soils and during air-drying of neutral and alkaline soils. 
The results of these investigations of the reactions of 
nitrite with amino compounds indicate that such reactions are 
not likely to occur to any significant extent under soil con­
ditions. Present knowledge indicates that, except when urea is 
added as a fertilizer, soils do not contain more than trace 
amounts of compounds which have free amino groups, and the work 
reported shows that urea does not react with nitrite under con­
ditions likely to be encountered in soils. 
Reactions of Nitrite with High Molecular 
Weight Organic Materials 
Table 44 shows results obtained in an investigation of 
the effects of various high molecular weight organic materials 
on the decomposition of nitrite in pH 5 buffer solution. The 
organic substances used included two soil organic matter 
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Table 43. Effects of compounds containing free amino groups on 
recovery of nitrite N after incubation and after air-
drying of soils treated with nitrite solution®' 
Soil 
Compound 
Recovery of nitrite N (%) 
No. pH After incubation After air-drying 
10 5.1 53 0 
Urea 52 0 
Alanine 53 0 
Glucosamine 33 0 
20 6.5 69 19 
Urea 69 20 
Alanine 65 17 
Glucosamine 64 8 
36 7.7 99 69 
Urea 99 70 
Alanine 99 70 
Glucosamine 97 49 
^Ten-gram samples of sterilized soil (<2 mm.) were treated 
with 4 ml. of solution containing 2 mg. of nitrite N (as NaN02) 
or with 4 ml. of solution containing 2 mg„ of nitrite N and 5 
mg. of N as urea, alanine, or glucosamine hydrochloride. After 
treatments, samples were air-dried (3 days; 50% relative humidi­
ty) or were incubated at 25°G. for 2 hours (soil 10) or for 48 
hours (soils 20 and 36). 
preparations (humic acid and hydrolyzed humic acid) and high 
molecular weight materials resembling those present in the plant 
residues from which soil organic matter is derived (lignins, 
proteins, carbohydrates, etc.). Peptone and alfalfa meal were 
included because Clark and Beard (1960) found that these ma­
terials promoted decomposition of nitrite in quartz sand. The 
data in Table 44 show that, of the various organic materials 
tested, only lign in. r tannic acid, humic acid, and hydrolyzed 
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Table 44. Recovery of nitrite N added to pH 5 acetate buffer 
containing high molecular weight organic materials 
(25°C.)a 
Recovery of nitrite N after 24 hours (%) 
Organic material As nitrite As nitrate 
-
(89 + l)b (3 + l)b 
Lignin (Indulin A) 38 1 
Lignin (Meadol MRM) 45 2 
Cellulose 90 3 
Xylan 82 2 
Ghitin 90 0 
Zein 89 2 
Casein 88 4 
Ribonucleic acid (yeast) 88 4 
Deoxyribonucleic acid 
(salmon sperm) 75 5 
Tannic acid 2 13 
Peptone 81 13 
Alfalfa meal 75 8 
Humic acid 46 8 
Hydrolyzed humic acid^ 37 8 
^•One mg. of nitrite N (as NaNO^) was added to 20 ml. of pH 
5 Na acetate buffer solution (0„5M) containing 100 mg. of ma­
terial specified and mixture was shaken slowly for 24 hours. 
^Control analyses (no organic material). 
^Obtained by boiling humic acid preparation with 6N HGl 
(20 ml./g. of preparation) under reflux for 12 hours. Hydroly­
sis residue was separated by filtration, washed throughly with 
water, and dried under vacuum at 25°C. 
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humic acid had a large effect of nitrite decomposition in pH 5 
buffer solution. Cellulose, chitin, zein, casein, and 
ribonucleic acid had no effect, and xylan, deoxyribonucleic 
acid, peptone, and alfalfa meal had only a small effect. 
The finding that tannic acid, lignin, and soil organic 
matter preparations were the most reactive of the high molecular 
weight substances tested has considerable significance, because 
it supports suggestions (Bremner, 1957; Stevenson and Swaby, 
1964) that phenolic substances play an important role in 
chemodenitrification (like tannic acid and lignin, soil humic 
acid has a high content of phenolic hydroxyl groups). 
It is noteworthy that acid hydrolysis of soil and soil 
humic acid increased their ability to decompose nitrite at pH 
5 (Tables 39 and 44). A possible explanation of this finding 
is that acid hydrolysis leads to demethylation of methoxyl 
groups and formation of phenolic hydroxyl groups (-OCHg + H2O = 
-OH + CH^OH). Kosaka e_k a2. , (1961) found that acid hydrolysis 
greatly reduced the methoxyl contents of humic acid prepa­
rations . 
Reactions of Nitrite with Nonphenolic Compounds 
Table 45 gives the results of an investigation of the 
effects of 25 nonphenolic, low molecular weight organic com­
pounds on nitrite decomposition in pH 5 buffer solution. The 
data show that ascorbic acid, p-benzoquinone, acetone oxime, 
benzoin oxime, and nitrosobenzene significantly promoted 
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Table 45. Recovery of nitrite N added to pH 5 acetate buffer 
containing nonphenolic, low molecular weight organic 
compounds (25°C.)^ 
Recovery of nitrite N after 24 hours (%) 
Compound As nitrite As nitrate 
_ (89 Î l)b (3 
Glucose 88 3 
Galactose 88 1 
Fructose 88 4 
Xylose 88 1 
Ethanol 88 1 
Mannitol 88 3 
Ethylene glycol 90 3 
Inositol 90 3 
Glucuronic acid 90 0 
Galacturonic acid 88 2 
Oxalic acid 88 1 
Lactic acid 88 2 
Ascorbic acid 5 9 
Benzoic acid 88 3 
Phthalic acid 88 3 
Cinnamic acid 89 11 
Anisole 88 0 
Anisic acid 90 3 
Veratrole 87 0 
1,4-Dimethoxybenzene 87 4 
3,4-Dimethoxybenzoic acid 89 4 
p-Benzoquinone 0 3 
Nitrosobenzene 58 0 
Acetone oxime 0 3 
Benzoin oxime 61 3 
&One mg. of nitrite N (as NaN02) was added to 20 ml. of pH 
5 Na acetate buffer (0.5M) which was 0.025M with respect to 
compound specified; mixture was shaken slowly for 24 hours. 
^Control analyses (no organic compound). 
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nitrite decomposition at pH 5, but that the other compounds 
tested (sugars, alcohols, uronic acids, aliphatic acids, and 
nonphenolic aromatic compounds) did not promote nitrite decompo­
sition. 
Ascorbic acid is a powerful reducing agent and there is 
evidence that it can react with nitrite to yield NO and 
dehydroascorbic acid (Dahn and Loewe, 1958; Gyani and Prasad, 
1964). The results obtained with the two oximes can be 
explained by Schenck's (1944) finding that oxime groups are 
decomposed by nitrous acid with formation of Np and NgO. The 
fact that nitrosobenzene was the only aromatic compound tested 
that promoted nitrite decomposition at pH 5 indicates that 
nitrite can react with aromatic nitroso groups under the con­
ditions studied. There is evidence (Bamberger, 1918) that 
treatment of nitrosobenzene with nitrous acid leads to for­
mation of a diazo compound. 
Reactions of Nitrite with Phenolic Compounds 
Table 46 gives the results of a study of the effects of 31 
low molecular weight phenolic compounds on the decomposition of 
nitrite in pH 5 buffer solution. The data show that dihydric 
and trihydric phenols have a much greater ability to promote 
nitrite decomposition than have monohydric phenols. They also 
show that the ability of a monohydric phenol to decompose 
nitrite at pH 5 is increased by the presence of a methoxyl 
group in a position adjacent to the phenolic hydroxyl group and 
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Table 46. Recovery of nitrite N added to pH 5 acetate buffer 
containing phenolic, low molecular weight organic 
compounds (25°C.)& 
Recovery of nitrite N 
Number of phenolic after 24 hours (%) 
hydroxyl groups 
Compound in compound^ As nitrite As nitrate 
- -
o
 
1—! + t 
cr
\ 00 (3 
Phenol 1 44 4 
1-Naphthol 1 13 13 
Salicylic acid 1 84 0 
4-Hydroxybenzoic acid 1 59 5 
p-Cresol 1 19 I 
4-Hydroxybenzaldehyde 1 88 2 
4-Ghlorophenol I 77 0 
4-Nitrophenol 1 89 2 
2-Nitrophenol 1 90 5 
Picric acid 1 89 2 
2,4-Dinitrophenol 1 91 1 
4-Nitrosophenol 1 13 I 
8-Hydroxyquinoline 1 41 0 
Guaiacol IM 1 3 
4,6-Dinitroguaiacol IM 91 0 
Vanillin IM 64 1 
Vanillic acid IM 2 4 
Syringaldehyde IM 23 0 
Syringic acid IM 0 7 
Eugenol IM 8 6 
Catechol 2 0 5 
Resorcinol 2 0 23 
p-Hydroquinone 2 0 12 
Orcinol 2 0 11 
2,4-Dihydroxybenzoic acid 2 0 24 
2,5-Dihydroxybenzoic acid 2 6 5 
3,4-Dihydroxybenzoic acid 2 5 2 
&One mg. of nitrite N (as NaN02) was added to 20 ml. of pH 
5 Na acetate buffer (0.5M) which was 0.025M with respect to 
organic compound specified; mixture was shaken slowly for 24-
hour s. 
indicates that compound contains methoxyl group adjacent 
to phenolic hydroxyl group. 
^Control analyses (no organic compound). 
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Table 46. (Continued) 
Recovery of nitrite N 
Number of phenolic after 24 hours (%) 
hydroxy1 groups 
Compound in compound^ As nitrite As nitrate 
4--Nitrosoresorcinol 2 0 0 
Phloroglucinol 3 0 26 
Pyrogallol 3 0 12 
Gallic acid 3 0 13 
is decreased by the presence of nitre or aldehyde groups. 
An examination of the results obtained with para-substi­
tuted phenols shows that the ability of these compounds to 
decompose nitrite is directly related to the degree of acti­
vation of their aromatic rings by the functional group substi­
tuted in the para position (p-hydroquinone>p-methylphenol> 
phenol >p-hydroxybenzoic acid >p-chlorophenol >p-hydroxybenz-
aldehyde >p-nitrophenol), and a similar relationship can be 
observed with the results obtained with ortho-substituted 
phenols. These observations are readily explained if 
nitrosation reactions leading to formation of nitrosophenols 
occur when phenols are treated with nitrite at pH 5, because 
the ease of nitrosation of phenols and other aromatic compounds 
is directly related to the degree of activation of their 
aromatic rings by substituent groups. 
Table 47 shows results obtained in a study of the 
nitrogenous products formed by treatment of phenol, catechol, 
resorcinol, and p-benzoquinone with nitrite at pH 5, The amounts 
Table 47. Recovery of nitrite N added to pH 5 acetate buffer containing various 
organic compounds (25°C.)^ 
Compound 
Recovery of nitrite N after 24 hours (%) 
As nitrite As nitrate As NO + NOgb As Np + N20^ As fixed N 
-
1—1 00 (3)4 (15)d (0)^ (0)d 
Phenol 23 4 4 25 44 
Catechol 0 5 33 12 50 
Resorcinol 3 18 2 26 51 
p-Benzoquinone 4 2 10 34 50 
^Ten ml. of pH 5 Na acetate buffer (2M) containing 0.5 g. of organic compound 
specified were treated with 6 ml. of NaN02 solution containing 8 mg. of nitrite N. 
Treatments were performed in sealed gas analysis units (air atmosphere) with KMnOij. 
solution in the center chamber. 
^Determined by analysis of KMnO^ solution. 
^Calculated from 100 minus recovery as (nitrite + nitrate + NO + NO2 + fixed)-N, 
'^Control analyses (no organic compound). 
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of (N2 + N20)-N formed were calculated on the assumption that 
added nitrite N not accounted for as (nitrite + nitrate + 
fixed + NO + N02)-N was volatilized as N2 and N2O. Evidence 
for the validity of this assumption is given in Section VIII. 
The data in Table 47 show that all of the compounds tested 
promoted nitrite decomposition, reduced nitrite to N2 and N2O, 
and fixed substantial amounts of nitrite N, but that only one 
of them (catechol) promoted formation of (NO + N02)-N. This 
provides support for the conclusion that the organic soil 
constituents responsible for reduction of nitrite to N2 and 
N2O and for fixation of nitrite N are phenolic substances that 
undergo a nitrosation reaction when treated with nitrite under 
mildly acidic conditions. 
Mechanisms of Reactions Between Nitrite and Phenolic Compounds 
Although there appears to be no information in the 
literature concerning the reactions of phenolic compounds with 
nitrite under mildly acidic conditions, there is evidence that 
treatment of phenolic compounds with nitrous acid under the 
strongly acidic conditions used in the Van Slyke nitrous acid 
method of estimating free amino groups leads to formation of 
N2 and/or N2O (Rahn, 1932; Stuart, 1935; Hulme, 1935; Fraenkel-
Gonrat, 1943; Bremner, 1957; Kainz and Huber, 1959; Stevenson 
and Swaby, 1964). 
Kainz and Huber (1959) have postulated that, under the 
conditions of the Van Slyke method of analysis, phenols react 
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with nitrous acid to liberate N2 and/or N2O by the two mecha­
nisms shown in Figure 3 (I and II). Mechanism I involves 
formation of a p-nitrosophenol, tautomerization of this product 
to a quinone monoxime, and formation of N2 and N2O by reaction 
of this oxime with nitrous acid. Mechanism II involves for­
mation of an o-nitrosophenol and production of N2 through 
decomposition of the diazo group in the diazonium compound 
formed by reaction of this o-nitrosophenol with nitrous acid. 
Evidence that mechanism I may occur under mildly acidic 
conditions is provided by the finding that p-nitrosophenol 
and oximes promoted nitrite decomposition at pH 5 (Tables 45 
and 46). Further evidence was obtained from experiments 
with NaN^^02 which showed that reaction of p-nitrosophenol 
with nitrite at pH 5 led to formation of N2 and N2O and to 
loss of nitroso N. As noted previously, Schenck (1944) found 
that treatment of oximes with nitrite under acidic conditions 
led to formation of N2 and N2O. 
Evidence that the reactions outlined in mechanism II can 
occur under mildly acidic conditions is provided by the 
finding that p-substituted phenols and nitrosobenzene promoted 
nitrite decomposition at pH 5. There is evidence in the 
literature that diazo compounds are formed by treatment of 
certain phenols and nitrosobenzene with nitrite under acidic 
conditions (Bamberger, 1918; Morel and Sisley, 1927; Philpot 
and Small, 1938) and that diazo compounds decompose at room 
temperature in acidic, aqueous media with formation of N2 
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(DeTar and Ballentine, 1956). 
Kainz and Huber (1959) have provided an explanation of the 
finding that p-benzoquinone promotes decomposition of nitrite 
at pH (Table 45), because they have postulated that this com­
pound is decomposed by nitrous acid with formation of oxalic 
acid, carbon dioxide, Ng, and NgO (see III in Figure 3). 
However, the finding (Table 47) that treatment of p-benzo-
quinone with nitrite at pH 5 led to fixation of substantial 
amounts of nitrite N indicates that the ring degradation postu­
lated by Kainz and Huber does not occur under mildly acidic 
conditions. It seems possible that, under mildly acidic 
conditions, p-benzoquinone is reduced to hydroquinone, which 
fixes nitrite N and reduces nitrite to N2 and N2O. Data in 
Table 46 shows that hydroquinone reacts very rapidly with 
nitrite at pH 5. 
The finding (Table 47) that considerably more (NO + N02)-N 
was produced by treatment of catechol ( 1,2-dihydroxybenzene) 
with nitrite at pH 5 than by a similar treatment of resorcinol 
(1,3-dihydroxybenzene) is explicable on the grounds that com­
pounds having dihydroxy-enoid structures have been found to 
react with nitrous acid to liberate NO as indicated in Figure 
3 (see IV). This reaction occurs when ascorbic acid and other 
aliphatic compounds containing dihydroxy-enoid structures are 
treated with nitrous acid (Austin, 1961). However, there 
appears to be no evidence in the literature that it occurs when 
catechol and other compounds containing vicinal phenolic 
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Figure 3. Reactions of phenols and other compounds with nitrous acid 
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hydroxy1 groups are treated with nitrous acid. 
Summary and Conclusions 
The work reported showed that organic soil constituents 
promote nitrite decomposition in soils and are largely, if not 
entirely, responsible for reduction of nitrite to N2 and N^O 
and for fixation of nitrite nitrogen in soils treated with 
nitrite. Studies of the reactions of amino compounds with 
nitrite showed that amino sugars reacted with nitrite at pH 5, 
but provided little support for the theory that amino compounds 
play an important role in chemodenitrification. Experiments 
using model compounds indicated that the organic soil constitu­
ents responsible for reduction of nitrite to N2 and N2O and for 
fixation of nitrite nitrogen are phenolic substances that 
undergo nitrosation reactions when treated with nitrite. This 
conclusion is supported by evidence that phenolic compounds are 
readily converted to nitrosophenols by treatment with nitrite 
under mildly acidic conditions and that nitroso groups in 
nitrosophenols and oxime groups formed by tautomerization of 
nitrosophenols are rapidly decomposed by nitrous acid with 
formation of Ng and NgO. 
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SECTION VIII. NITROGEN BALANCE SHEET STUDY 
Introduction 
The work reported in previous sections showed that nitrite 
is decomposed chemically in neutral and acidic soils by re­
actions in which nitrite N is fixed, converted to nitrate, and 
volatilized as N2 and gaseous N oxides. It also indicated that 
these reactions are largely, if not entirely, responsible for 
the loss of nitrite N observed on addition of nitrite to 
neutral and acidic soils and that the reduction of nitrite to 
N2 and N2O and fixation of nitrite N observed in soils treated 
with nitrite result from reactions of nitrite with organic soil 
constituents. The purpose of the work reported here was to 
confirm these conclusions by obtaining nitrogen balance sheets 
for the reactions of soils and other materials with nitrite, 
i.e., by accounting quantitatively for the nitrite N lost 
through decomposition of nitrite by these materials. In the 
experiments reported, soil and other materials were treated 
with pH 5 acetate buffer and N^^-enriched NaN02 in a helium-
oxygen atmosphere and, after 24 hours, the amount of added 
nitrite N fixed and the amounts converted to nitrate, N2, N2, 
NO, and NO2 were determined as described in Section III. In 
the experiments in which the material used was soluble or 
partly soluble in pH 5 acetate buffer (humic acid, lignin, 
catechol), the amount of nitrite N fixed was calculated from 
nitrogen isotope-ratio analyses of the total N and (nitrite + 
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nitrate)-N present in the reaction mixture after 24 hours. 
Results 
The results of the nitrogen balance sheet experiments are 
given in Table 48. They show that, with all materials studied, 
the analyses performed after 24 hours gave quantitative (99-
100%) recovery of nitrogen added as NaN^^02, and that the 
nitrite N lost by reaction of soil with nitrite was recovered 
quantitatively as (nitrate + fixed + N2 + N^O + NO + 
They also show that the reactions of phenolic substances 
(lignin and catechol) and the humic acid fraction of soil 
organic matter with nitrite resemble the reaction of soil with 
nitrite in they lead to fixation of nitrite N and to formation 
of N2 and N2O. No formation of N2 or N2O or fixation of 
nitrite N was detected after treatment of inorganic materials 
(heated soil, quartz sand, artificial soil) with nitrite, and 
none of the inorganic materials tested promoted nitrite decom­
position or formation of NO2 at pH 5. All of the organic 
materials studied promoted nitrite decomposition, but only one 
of them (catechol) promoted formation of NO2. 
Summary 
The experiments reported showed that nitrite N lost by 
chemical decomposition of nitrite in soils can be accounted 
for as (nitrate + fixed + N2 + NgO + NO + N02)-N and provided 
additional evidence that organic soil constituents are 
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responsible for reduction of nitrite to N9 and N^O and for 
fixation of nitrite N in chemodenitrification (no reduction of 
nitrite to N2 or N2O or fixation of nitrite N was observed with 
inorganic soil constituents). They also indicated that most of 
the NO2 evolved on treatment of neutral or acidic soils with 
nitrite is formed by self-decomposition of nitrous acid and by 
atmospheric oxidation of the NO produced in this decomposition. 
Table 48. Recovery of nitrite N added to pH 5 buffer containing various materials 
(250C.)a 
Material^ 
Recovery of nitrite N after • 24 hours (%) 
As 
nitrite 
As 
nitrate 
As 
NO + NO2C 
As 
N2 
As 
N2O 
As 
fixed N Total^ 
(81)G (3)% (15)e (0)e (0) e (0)e (99)G 
Soil (10 g.) 65 3 10 12 1 10 100 
Heated soil (10 g.) 83 3 13 0 0 0 99 
Hucnic acid (1 g. ) 49 6 16 19 1 9 100 
Lignin (I g.) 23 8 13 27 1 27 99 
Catechol (0.5 g. ) 0 5 33 12 1 50 100 
Quartz sand (10 g.) 83 3 14 0 0 0 100 
Artificial soil (10 g.) 82 3 14 0 0 0 99 
'^Ten ml. of pH 5 Na acetate buffer (2M) containing material specified was 
treated with 5 ml. of NaNOn solution containing 8 mg, of nitrite N. Treatments were 
performed in sealed gas analysis units (helium-oxygen atmosphere) with KMnO^ so­
lution in center chamber. 
bgoil was noo 29 (Glencoe) and heated soil was residue from heating soil 29 at 
700°C. for 4 hours. Lignin was Indulin A. Artificial soil was prepared by mixing 
equal parts (by weight) of quartz sand, illite, kaolinite, montmorillonite, and 
vermiculite. 
^Determined by analysis of Kî-lnOij. solution. 
^Recovery as (nitrite + nitrate + NO + NO2 + N2 + N2) + fixed)-N. 
^Control analyses (no material). 
119 
SECTION IX. SUMMARY AND CONCLUSIONS 
The objectives of the work described in this dissertation 
were: (a) to study the factors affecting nitrite decomposition 
and fixation of nitrite nitrogen in soils; (b) to evaluate 
current theories concerning chemical transformations of nitrite 
in soils; (c) to elucidate the mechanisms of chemodenitrifi-
cation and fixation of nitrite nitrogen. 
The findings can be summarized as follows: 
1. Studies of factors affecting nitrite decomposition and 
fixation of nitrite nitrogen in soils showed that soil pH and 
organic matter content were the most important factors. The 
extent of nitrite decomposition and fixation of nitrite N was 
inversely related to soil pH, but, with soils having pH values 
between 5 and 7, the amount of nitrite N fixed and the amount 
volatilized at a given pH increased with increase in soil 
organic matter content. At pH values less than 5, the amount 
of nitrite N volatilized decreased, and the amount fixed in­
creased, with increase in soil organic matter content. Air-
drying of soils treated with nitrite promoted nitrite 
decomposition, but did not markedly affect fixation of nitrite 
nitrogen. The amount of nitrite decomposed and the amount of 
nitrite N fixed on incubation of soils treated with nitrite 
increased with increase in nitrite level and in time and 
temperature of incubation. Increase in soil moisture content 
above a certain level decreased the amount of nitrite N vola­
tilized during incubation of nitrite-treated soils, but did not 
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markedly affect the amount of nitrite N fixed. Sterilization 
of soil before treatment with nitrite prevented microbial 
oxidation of nitrite, but had little effect on nitrite decom­
position or fixation of nitrite nitrogen. The amount of 
nitrate formed by chemical decomposition of nitrite in soils 
was found to depend upon the method of experimentation. Very 
little nitrate was produced when soils were treated with 
nitrite in open systems, but substantial amounts of nitrate 
were formed in closed, aerobic systems. Several experiments 
showed that the rate of nitrite decomposition in soil was 
related to the rate of diffusion of the NO2 formed by nitrite 
decomposition. Chemodenitrification and fixation of nitrite N 
were found to occur readily under conditions commonly en­
countered in the field (Section IV). 
2. Studies of the gaseous products of nitrite decomposition in 
soils showed that substantial amounts of NO2 and Ng and small 
amounts of NgO were formed when neutral or acidic soils were 
treated with nitrite, the largest amount of Ng being formed in 
acidic soils with high organic matter contents. The amount of 
NO2 produced was inversely proportional to soil pH, but sig­
nificant amounts of NO2 were evolved from soils having pH 
values greater than 7. The current assumption that NO2 formed 
by chemical decomposition of nitrite in soils is converted to 
nitrate and does not escape to the atmosphere was shown to be 
invalid. The failure of several investigators to detect NO2 as 
a product of nitrite decomposition in acidic soils was shown to 
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be due to use of closed experimental systems that promoted 
absorption of this gas by moist soil and conversion of NOg to 
nitrate. A study of the self-decomposition reaction of nitrous 
acid showed that, under aerobic conditions, this reaction did 
not proceed as indicated by the classical equation 
3HNO2 = 2N0 + HNOg + H2O and was better represented by the 
equation 2HNO2 ~ NO + NO2 + H2O. Several experiments indicated 
that most of the NO2 evolved on treatment of neutral or acidic 
soils with nitrite is formed by self-decomposition of nitrous 
acid and by atmospheric oxidation of the NO produced in this 
decomposition (Section V). 
3. Investigations of the reactions of nitrite with inorganic 
materials indicated that inorganic soil constituents do not 
promote nitrite decomposition in soils and are not involved in 
reduction of nitrite to No and N2O or fixation of nitrite 
nitrogen. No reactions promoting nitrite decomposition were 
observed in studies of the effects of various soil minerals on 
the decomposition of nitrite in buffer solution, and investi­
gations of the reactions of nitrite with ammonium and with 
metallic cations provided no support for theories that these 
reactions promote cheraodenitrification in soils. Of various 
metallic cations tested, only ferrous, cuprous, and stannous 
ions in high concentration promoted nitrite decomposition. No 
reactions between ammonium and nitrite could be detected in 
moist soil, but ammonium nitrite decomposition was observed when 
neutral and alkaline soils containing ammonium and nitrite were 
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air-dried. Ammonium nitrite decomposition on air-drying of 
soils treated with nitrite and ammonium was promoted by increase 
in soil pH and reactant concentration, and was most evident with 
light-textured, alkaline soils. Hydroxylamine was found to 
react very rapidly with nitrite in soils and buffer solutions, 
but it seems unlikely that this reaction is important in 
chemodenitrification (Section VI). 
4. Studies of the reactions of nitrite with organic materials 
and of the effects of soil organic matter on nitrite decompo­
sition in soil provided good evidence that organic soil 
constituents are responsible for reduction of nitrite to Nn and 
NgO and for fixation of nitrite nitrogen. An investigation of 
the reaction of amino compounds with nitrite (Van Slyke re­
action) showed that amino sugars decomposed nitrite at pH 5, 
but provided little support for the theory that amino compounds 
play an important role in chemodenitrification. Experiments 
using model compounds indicated that the organic soil constitu­
ents responsible for reduction of nitrite to Nn and N2O and for 
fixation of nitrite nitrogen are phenolic substances that 
undergo nitrosation reactions when treated with nitrite. This 
conclusion is supported by evidence that phenolic compounds are 
readily converted to nitrosophenols by treatment with nitrite 
under mildly acidic conditions and that nitroso groups in 
nitrosophenols and oxime groups formed by tautomerization of 
nitrosophenols are rapidly decomposed by nitrous acid with for­
mation of Ng and N^O (Section VII). 
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5. Nitrogen balance sheet experiments showed that nitrite N 
lost by chemical decomposition of nitrite in soils could be 
accounted for as (nitrate + fixed + N2 + NnO + NO + N02)-N, and 
provided additional evidence that phenolic soil constituents 
are responsible for reduction of nitrite to N2 and N^O and for 
fixation of nitrite nitrogen (Section VIII). 
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Table 49. Recovery of nitrite N immediately after treatment of 30 Iowa 
soils with nitrite solution (25°C.)^ 
Recovery of nitrite N (%) 
Soil No. As nitrite As nitrate As fixed N Tota: 
8 80 <1 3 83 
9 96 0 1 97 
10 93 <1 2 95 
11 81 2 8 92 
12 96 <1 1 97 
13 99 <1 <1 99 
14 97 1 <1 98 
15 98 1 <1 99 
16 96 1 1 98 
17 97 2 <1 99 
18 98 1 1 100 
19 93 <1 2 95 
20 96 3 <1 99 
21 99 1 <1 100 
22 100 0 <1 100 
23 98 <1 <1 98 
24 98 2 <1 100 
25 96 3 <1 99 
26 98 1 <1 99 
27 97 1 1 99 
28 98 1 <1 99 
29 100 <1 0 100 
30 98 1 <1 99 
31 97 1 1 99 
32 99 1 <1 100 
33 100 <1 <1 100 
34 98 2 <1 100 
35 98 2 <1 100 
36 98 1 1 100 
37 99 1 <1 100 
Average 96 1 1 98 
^Three 
immediately 
of nitrite i 
-gram 
after 
N. 
samples of 
treatment 
sterilized soil (<80 mesh) were analyzed 
with 1 ml. of NaNOg solution containing 600 ju 
Recovery as (nitrite + nitrate + fixed)-N. 
Table 50. Multiple regression analysis of data obtained in study of effects of soil properties on 
recovery of nitrite N immediately after treatment of 30 Iowa soils with nitrite solution 
(25°C.) 
I 
^ Multiple correlation 
Multiple regression equation coefficient (R) 
0.38X + 0.04X - 0.28X + 0.27X + 17.3X 0.710* 
^ - 0.3&X: + 0.04x7 - 0.30X: + 0.28X% 0.708** 
^ - 0.35%: - 0.01X7 - 0.04XZ 0.674** 
0.33XZ - 0,01X7 0.673** 
0.32xf 0.673** 
A = 52. 5 + 6.41X - 1. 23X:. 
A = 52. 3 + 6.45X + 0. 44x; 
A = 63. 4 + 5.39X - 0. 24X: 
A = 63. 7 + 5.24X - 0. 43X: 
A = 64. 1 + 5.15X: - 0. 39X; 
A = 71. 3 + 3.86x1 - 0. 18X: 
A = 70. 8 + 3.86X^ 
2 
2 
B = 16.0 -• 2. 09X -
B = 16.0 -- 2. 09X -
B = 8.9 -- 1. 42x| + 
B = 8.8 -- 1. 39X1 + 
B = 8.5 • - 1. 3 OX + 
B = 6.6 • - 0. 96X + 
B = 7.1 • - 0. 96x| 
+ 0 .  12X_ - 0 .  02X -1- 0 .  17X, 
+ 0 .  12%: - 0 .  02X7 
OIX^ 
oixj 
+ 0 .  17X-
+ 0 ,  loxf + 0 .  + 0 .  oix; 
+ 0 .  10%: + 0 .  
+ 0 .  08X2 
0.625** 
0.623** 
V -T- -r - 0.18X, - 1.18X 0.687* 
C X  . X: - 0.18X: 0.687* 
c o. : 01x7 01 2 0.549 
0.548* f 
0.542* 
0.503* 
0.470** 
^A, percentage recovery of nitrite N as nitrite; B, percentage recovery of nitrite N as 
fixed N; C, percentage of nitrite N not recovered as (nitrite + nitrate + fixed)-N. X^, pH; 
X„5 7o organic carbon; X , % calcium carbonate; X,, °L sand; X , Cation-exchange capacity (me./lOO g.); 
Xg, 7o clay; X_, % total N. 
^*, P = 0.05; **, P = 0.01. 
Table 50. (Continued) 
^ Multiple correlation 
Multiple regression equation coefficient (R) 
C = 26.1 - 3.85X + 0.46X + 0.21X - 0.004X 
G = 26.1 - 3.86X + 0.37XZ + 0.21XZ - 0.004X7 
C = 27.5 - 3.99X -fr- 0.28X, + 0.21XZ - 0.010X7 
C = 27.7 - 4.10X: + 0.14XZ + 0.23XZ - 0.005X7 
C = 28.0 - 4.18X + 0.18XZ + 0.24X:: 
C = 22.5 - 3.19X1 + 0.02X, 
C = 22.5 - 3.19XT 
- 0.07X + 0.04X - 0.93X 0.741** 
- 0.06XZ + 0.03X^ ' 0.741** 
- 0.03XZ ^ 0.740** 
0.739** 
0.739** 
0.693** 
0.693** 
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Table 51. Recovery of nitrite N after treatment of 30 Iowa soils with 
nitrite solution for 4 days (25 C.) 
Recovery of nitrite N (%) 
Soil No. As nitrite As nitrate As fixed N Total^ 
8 1 2 9 12 
9 15 3 7 25 
10 1 10 9 20 
11 1 3 12 16 
12 18 2 9 29 
13 90 1 2 93 
14 41 1 7 49 
15 38 1 6 45 
16 33 1 8 42 
17 39 3 6 48 
18 57 1 4 62 
19 17 2 7 26 
20 59 1 5 55 
21 71 1 3 75 
22 67 1 3 71 
23 26 1 7 34 
24 92 1 1 94 
25 94 1 1 96 
26 78 1 4 83 
27 34 2 6 42 
28 61 1 4 66 
29 65 2 4 71 
30 66 1 5 72 
31 40 3 7 50 
32 89 1 1 91 
33 74 1 2 77 
34 92 1 1 94 
35 98 1 1 100 
36 93 2 2 97 
37 100 0 <1 100 
Average 55 2 5 62 
^Three-•gram samples of sterilized soil (<80 mesh) were treated with 
1 ml. of NaNOg solution containing 600 Pë- of nitrite N. 
h 
Recovery as (nitrite + nitrate + fixed)-N. 
Table 52. Multiple regression analysis of data obtained in study of effects of soil properties on 
recovery of nitrite N after treatment of 30 Iowa soils with nitrite solution for 4 days 
(25OC.) 
Multiple correlation 
Multiple regression equation® coefficent (R) 
A -204.1 + 32.5X1 17.7X2 + 1.55X3 + 0.69X4 - 1 .22X5 + 1.97X6 + 203.3X7 0.871** 
A = -207.5 + 33.1X1 + 1.90X2 1.52X3 + 0.66X4 - 1.45X5 + 2.12X6 0.863** 
A = -122.4 + 25.OX* - 3.31X2 + 1.75X3 + 0.31X4 + 0.54X5 0.830** 
A = -126.3 + 26.9X1 - 1.04X2 + 1.46X3 + 0.23X4 0.827** 
A = -138.4 + 30.3Xi - 2.55X2 + 0.93X3 0.812** 
A = -159.5 + 34.1X1 - 3.16X2 0.805** 
A = -167.1 + 34.1X1 0.792** 
B - 30,3 - 3.15X1 + 1.53X2 - 0.13X3 - O.O6X4 + 0.15X5 + 0.26X6 - 15.3X7 0.838** 
B = 30.6 - 3.19X1 + 0.05X2 - 0.13X3 - O.O6X4 + 0.17X5 - 0.28X6 0.833** 
B = 19.5 - 2.14Xi + 0.73X2 - O.I6X3 - 0.01X4 - 0.09X5 0.767** 
B = 20.2 - 2.46X1 + 0.34X2 - 0.11X3 -0.0003X4 0.756** 
B = 20.2 - 2.47X1 + 0.34X2 - 0.11X3 • 0.756** 
B = 22 .6  - 2.90X1 + 0.41X2 S 0.746** 
B 23.6 2.90X1 0.717** 
aA, percentage recovery of nitrite N as nitrite; B, percentage recovery of nitrite N as fixed 
N; C, percentage of nitrite N not recovered as (nitrite + nitrate + fixed)-N. ; pH; %%; % organic 
C; X3j % calcium carbonate; X4, % sand; X5, cation-exchange capacity (me./ICQ g.); X5, % clay; X7, 
% total N. 
b**, P = 0.01. 
Table 52. (Continued) 
Multiple correlation 
Multiple regression equation® coefficient (R)b 
c = 262.0 - 28.4X1 + 12.5X2 - 1.39X3 - 0.58X4 + 1.24X5 - 1.67X6 - 159.1X7 0.866 
c = 264.6 - 28.7X1 - 2.82X2 - 1.37X3 - 0.56X4 + 1.43X5 - 1.79X6 0.860 
c = 192.8 - 22.0X1 + 1.57X2 - 1.56X3 - 0.26X4 - 0.25X5 0.829 
c = 194.7 - 22.9X1 + 0.51X2 - 1.42X3 - 0.22X4 0.829 
c = 206.6 - 26.2X1 + 2.00X2 - 0.90X3 0.809 
c = 227.0 - 29.8X1 + 2.58X2 0.801 
c = 233.0 
- 29.8X1 0.789 
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Table 53. Recovery of nitrite N after air-drying of 30 Iowa soils 
treated with nitrite solution (25°C.) 
Recovery of nitrite N (%) 
Soil No. As nitrite As nitrate As fixed N Total^ 
8 1 2 12 15 
9 3 3 6 12 
10 1 10 8 18 
11 0 4 11 15 
12 3 3 8 14 
13 37 3 2 42 
14 6 1 6 13 
15 5 1 6 12 
15 5 1 5 11 
17 10 1 6 17 
18 6 1 4 11 
19 1 5 7 13 
20 13 1 6 20 
21 24 1 4 29 
22 26 2 4 32 
23 9 1 7 17 
24 35 2 2 39 
25 54 2 2 58 
26 46 1 2 49 
27 3 2 5 10 
28 14 1 5 20 
29 53 4 4 61 
30 17 1 5 23 
31 7 2 7 16 
32 45 3 1 49 
33 37 1 3 41 
34 58 1 2 60 
35 76 1 1 78 
36 57 8 3 68 
37 75 2 1 78 
Average 24 3 5 32 
^Three-gram samples of sterilized soil «80 mesh) treated with 1 ml. 
of NaNO„ solution containing 600 j s g .  of nitrite N were air-dried at 25°C. 
(3 days; 50% relative humidity). 
Recovery as (nitrite + nitrate + fixed)-N. 
Table 54. Multiple regression analysis of data obtained in study of effects of soil properties on 
recovery of nitrite N after air-drying of 30 Iowa soils treated with nitrite solution 
(250c.) 
Multiple correlation 
Multiple regression equation®- coefficient (R)^ 
A -104.2 + 13,7X1 _ 14.5X2 + 3.10X3 + 0.42X4 _ 0.94x5 1.16X6 + 212.2X7 0.887** 
A = -107.8 + 14.3X1 + 6.00X2 + 3.O8X3 + 0.39X4 - 1.19X5 + 1.32X6 0.872** 
A = -54.9 + 9.23%! + 2.76X2 + 3.22X3 + 0.17X4 + 0.05X5 0.850** 
A = - 55.2 + 9.41X1 + 2.97X2 + 3.19X3 + O.I6X4 0.850** 
A = - 63.9 + 11.8X1 + 1.89X2 + 2.I8X3 0.836** 
A = -127.9 + 23.3%! + 0.05X2 0.722** 
A = -127 .5 + 23.3%! 0.722** 
B 
= 25.4 - 2.79X1 + 2.89X2 - 0.09X3 - 0.05X4 + 0
 
0
 
- 0.12X6 - 29.6X7 0.822** 
B = 25.9 - 2.86X1 + 0.03X2 - O.O8X3 -  0.04X4 + 0.11X5 - 0.14X6 0.800** 
B = 20.2 - 2.32X1 + 0.38X2 - 0.10X3 - 0.02X4 - 0.03X5 0.780** 
B = 20.4 - 2.42X1 + 0.26X2 - 0.09X3 - 0.01X4 0.779** 
B = 21.1 - 2.63Xi + 0.35X2 - 0.05X3 0.771** 
B = 22.3 - 2.84X1 + 0.39X2 0.768** 
B 23.3 2.84X1 0.741** 
^A, percentage recovery of nitrite N as nitrite; B, percentage recovery of nitrite N as fixed 
N; C, percentage of nitrite N not recovered as (nitrite + nitrate + fixed)-N. pH; % organic 
C; X3, 7o calcium carbonate; X4, % sand; X5, cation-exchange capacity (me./lOO g.) ; Xg,, % clay; X7, 
7o total N. 
b**, p = 0.01. 
Table 54 <, (Continued) 
Multiple correlation 
Multiple regression equation^ coefficient (R)b 
C = 168.8 - 10.3X1 + 6.64X2 - 3.07X3 - 0.34X4 + I.IIX5 - 1.02X6 - 143.9Xy 0.879 
C = 171.3 - 10.6X1 - 7.26X2 - 3.O6X3 - 0.32X4 + I.28X5 - 1.12X6 0.871 
C = 126.2 - 6.35X1 - 4.51X2 - 3.I8X3 - 0.13X4 + 0.23X5 0.851 
C = 124.6 - 5.55X1 - 3.56X2 - 3.29X3 - O.I6X4 0.850 
C = 133.2 - 7.95%! - 2.48X2 - 2.92X3 0.834 
C = 199.2 - 19.8X1 - 0.57X2 0.680 
C = 197.9 - 19.8X1 0.679 
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Table 55. Amounts of NO and N0„ evolved on treatment of 30 Iowa soils 
with NaN02 solution tor 2 days (25°C.)^ 
Recovery of nitrite N after 2 days (%) 
Soil No. As nitrite As nitrate As NO + Total^ 
8 3 4 54 61 
9 14 3 60 77 
10 0 12 58 70 
11 2 7 52 61 
12 21 3 51 75 
13 68 5 19 92 
14 35 7 48 90 
15 42 2 42 86 
16 26 6 52 84 
17 19 0 51 70 
18 46 0 41 87 
19 14 8 56 78 
20 42 7 43 92 
21 65 2 22 89 
22 60 4 33 97 
23 21 10 50 81 
24 64 3 24 91 
25 90 7 4 101 
26 71 6 14 91 
27 34 3 51 88 
28 34 18 37 89 
29 42 12 38 92 
30 92 5 3 100 
31 37 4 45 86 
32 84 0 5 89 
33 67 0 20 87 
34 83 0 6 89 
35 93 0 1 94 
36 93 0 5 98 
37 93 7 <1 100 
Average 49 5 33 87 
^Ten-gram samples of sterilized soil (<2 mm.) were treated with 3 ml. 
of NaNO- solution containing 1 mg. of nitrite N. Treatments were performed 
in sealed gas analysis (air atmosphere) with KMnO^ solution in center 
chamber. 
^Determined by analysis of KMnO^ solution. 
^Recovery as (nitrite + nitrate + NO + N02)-N. 
Table 56. Multiple regression analysis of data obtained in study of effects of soil properties on 
formation of NO and NO2 through treatment of 30 Iowa soils with nitrite solution for 2 
days (25°C.) 
Multiple correlation 
Multiple regression equation® coefficient (R)^ 
A -194.7 + 32.2X1 8.76X2 + 1.40X3 +  0.52X4 1.69X5 + 1 .93X6 + 114.0X7 0.868** 
A = -196.6 + 32.5X1 + 2.24X2 + 1.39X3 + 0.50X4 - 1.82X5 + 2 .02X6 0.866** 
A - -115.7 + 24.8X1 - 2.71X2 + I .6IX3 + 0.17X4 + 0.07X5 0.834** 
A = -116.2 + 25.1X1 - 2.41X2 + 1.57X3 + O. I6X4 0.834** 
A = -124.5 + 27.4X1 - 3.45X2 + 1.20X3 0.826** 
A = -151.7 + 32.3Xi - 4.32X2 0.813** 
A = -161.8 + 32.3X1 0.787** 
B = 164.7 - 16.5X1 + 9.38X2 - 1.59X3 - 0.38X4 + 0.82X5 - 1 .07X6 - 112 .4X7 0.841** 
B = 166.5 - 16.7X1 - 1.47X2 - 1.58X3 - 0.36X4 + 0.95X5 - 1 .15X6 0.835** 
B = 120.3 - 12.3X1 + 1.36X2 - 1.70X3 -  0.17X4 - 0.13X5 0.811** 
B = 121.3 - 12.8X1 + 0.82X2 - 1.64X3 - 0.15X4 0.810** 
B - 129.4 - 15.1X1 + 1.83X2 - 1.28X3 0.793** 
B = 158.3 - 20.3X1 + 2 .6 6X2 0.761** 
B 164.7 20.2X1 0.735** 
^A, percentage recovery of nitrite N as nitrite; B, percentage recovery of nitrite N as NO + 
NO2 ; C, percentage of nitrite N not recovered as (nitrite + nitrate + NO + N02)-N. X]^, pH; X2, °L 
organic carbon; X3, % calcium carbonate; X4, % sand; X5, cation-exchange capacity (me./lOO g.); X6, 
7o clay; Xy, % total N. 
b**, p = 0.01. 
Table 56. (Continued) 
Multiple correlation 
C = 116.4 - 14.0X1 + 3.48X2 + O.lSXg - O.I8X4 + 0.67X5 " O.76X5 - 48.4X7 0.834 
C = 117.7 - 14.1X1 - 1.20X2 + 0.15X3 - 0.17X4 + 0.73X5 - 0.79X6 0.830 
C = 85.3 - 11.1X1 + 0.75X2 + 0.07X3 - 0.03X4 - 0.02X5 0.786 
C = 85.3 - 11.IX^ + 0.69X2 + O.O7X3 - O.O3X4 0.786 
C = 87.1 - 11.6X1 + 0.90X2 + 0.15X3 0.783 
C = 83.7 - 11.0X1 + O.8OX2 0.781 
C = 85.6 - 10.9X1 0.773 
145 
Table 57. Recovery of nitrite N after air-drying of • 27 Iowa soils 
treated with nitrite or nitrite-ammonium solution 
Soils Recovery of nitrite N (%)^ 
No. pH N NA 
10 5.1 0 0 
11 5.5 0 0 
12 6.0 3 3 
13 6.1 37 31 
14 6.2 6 5 
15 6.2 5 4 
16 6.3 5 4 
17 6.3 10 8 
18 6.4 6 6 
19 6.4 1 1 
20 6.5 13 13 
21 6.5 24 23 
22 6.6 26 20 
23 6.6 9 7 
24 6.7 35 26 
25 6.8 54 42 
26 6.8 46 41 
27 6.8 3 3 
28 6.8 14 12 
30 6.9 17 12 
31 7.0 7 4 
32 7.0 45 32 
33 7.2 37 33 
34 7.2 58 39 
35 7.6 76 60 
36 7.7 57 37 
37 7.8 75 71 
^Three-gram samples of sterilized soil (<80 mesh) were treated with 
l.ml. of NaNO„ solution containing 600 ;jgo of nitrite N or with 1 ml. of 
solution containing 600 aig. of nitrite N (as NaNOg) and 600 jug. ammonium 
N (as ammonium sulfate). Treated samples were air-dried (3 days; 25 C.; 
50% relative humidity). 
^N, soil was treated with nitrite solution; NA, soil was treated with 
nitrite-ammonium solution. 
146 
APPENDIX 
147 
Analysis of alkaline permanganate solution used for 
absorption of nitric oxide and nitrogen dioxide 
Introduction 
Most of the investigators who have used alkaline permanga­
nate solution for absorption of NO and TSIOg have assumed that 
any NO or NO2 absorbed by this reagent is converted to nitrate, 
and have analyzed for nitrate to estimate the quantity of 
NO + NO2 absorbed. However, Clear and Roth (1961) have re­
ported that both nitrite and nitrate are formed when NO is 
absorbed by alkaline permanganate solution. It is apparent, 
therefore, that to obtain a quantitative estimate of the amount 
of (NO + N02)-N absorbed by alkaline permanganate solution, it 
is necessary to analyze this solution for (nitrate + nitrite)-N. 
The steam distillation procedure adopted for this analysis is 
described below. 
Description of Method 
Apparatus 
Steam distillation apparatus The apparatus used has 
been described (Bremner and Keeney, 1965). It is designed so 
that flasks fitted with standard-taper (19/38) ground-glass 
joints can be used as distillation chambers. Before use, the 
apparatus should be steamed out for about 10 minutes to remove 
traces of ammonia and the rate of steam generation should be 
adjusted so that 7 to 8 ml. of distillate are collected per 
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minute. 
Distillation flasks The flasks used are 100-ml. 
Kjeldahl flasks fitted with standard taper (19/38) ground-glass 
joints and glass hooks so that they can be connected to the 
steam distillation apparatus by spiral steel springs with loop 
ends. Their dimensions should be such that, when the flasks 
are connected to the steam distillation apparatus, the distance 
between the tip of the steam inlet tube and the bottom of the 
flask is approximately 4 mm. 
Reagents 
Acidified ferrous sulfate solution (ca. IN FeS0^:2N H^SO^) 
Dissolve 69.5 g. of reagent-grade FeS0i^-7H20 in 150 ml. of 
water, add 14 ml. of concentrated sulfuric acid, and dilute the 
solution to 250 ml. Store the solution in a tightly stoppered 
bottle. 
Sodium hydroxide solution (ca. 2N NaOH) Dissolve 80 g. 
of reagent-grade NaOH in 800 ml. of water and dilute the so­
lution to 1 liter. 
Magnesium oxide Heat heavy magnesium oxide (U.S.P.) in 
an electric muffle furnace at 600° to 700°C. for 2 hours. Cool 
the product in a desiccator containing KOH pellets and store in 
a tightly stoppered bottle. 
Titanous sulfate solution Prepare immediately before 
use by diluting 15 ml. of technical-grade (15%, w/v) titanous 
sulfate solution (British Drug House, Ltd., Poole, England) with 
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water to 50 ml. 
Boric acid-indicator solution Prepare as described by 
Bremner and Keeney (1965)„ 
Sulfuric acid 0.0IN standard 
Procedure 
Add 5 ml, of boric acid-indicator solution to a 50-ml. 
Erlenmeyer flask marked to indicate a volume of 30 ml. and place 
the flask under the condenser of the steam distillation appa­
ratus so that the end of the condenser is about 4 cm. above the 
surface of the boric acid. Pipet an aliquot (2 to 5 ml.) of 
0.1^ KMnO^zlM KOH solution containing up to 1 mg. of (nitrate + 
nitrite)-N into a 100-ml. distillation flask, add 3 ml. of 
acidified ferrous sulfate solution, and swirl the flask until 
the color due to permanganate disappears. Then add 6 ml. of 
2N NaOH, 0.2 g. of magnesium oxide, and 3 ml. of titanous 
sulfate solution. Swirl the flask after each of these ad­
ditions. Immediately after the addition of titanous sulfate 
solution, attach the flask to the steam distillation apparatus 
by spiral steel springs with loop ends and commence distil­
lation by closing the stopcock on the steam by-pass tube of the 
distillation apparatus. When the distillate reaches the 30-ml; 
mark on the receiver flask, stop the distillation by opening 
the stopcock on the steam by-pass tube, rinse the end of the 
condenser, and determine ammonium N in the distillate by ti­
tration with O.OIN sulfuric acid from a 5-ml. microburette 
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graduated at 0.01-ml. intervals (1 ml. of O.OIN HgSO^ = 140 jug. 
of ammonium N = 140 _ug. of (nitrate + nitrite)-N = 140 jago of 
(NO + N02)-N. The color change at the end point is from green 
to a permanent, faint pink. 
Control analyses should be performed to allow for ammonium 
derived from the reagents used (the titanous sulfate solution 
employed usually contains an appreciable amount of ammonium). 
Comments 
Test using KNO^ or NaNOg showed that the method described 
gave quantitative (99-100%) recovery of up to 1 mg. of nitrate-
or nitrite-N added to 5 ml. of 0.1^ KMnO^:lM KOH solution. 
Also, several tests showed that this solution was highly ef­
fective for absorption of NO and NO2 and gave quantitative 
recovery of (NO + N02)-N as (nitrate + nitrite)-N when used as 
described in Section III or when used (as a wash bottle reagent) 
to scrub gas streams containing nitric oxide and nitrogen 
dioxide. 
